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TITLE OF THE INVENTION 

METHODS OF TREATING CARDIAC ARRHYTHMIA 

CROSS REFERENCE 
5 This is a continuation in part of U.S. Patent Application 

Serial No. 08/018,912 which was filed on February 17, 1993, which is a 
continuation of U.S. Patent Application Serial No. 07/802,000 which 
was filed on December 3, 1991. 

10 BACKGROUND OF THE INVENTION 

Cardiac arrhythmias often occur as complications to 
cardiac diseases such as myocardial infarction and heart failure. In 
serious cases, arrhythmias give rise to ventricular fibrillation and can 
cause sudden death. 

15 Although various antianythmic agents are now available on 

the market, those having both satisfactory efficacy and a high margin of 
safety have not been obtained. For example, antianythmic agents of 
Class I according to the classification scheme of Vaughan- Williams 
("Classification of antiarrhythmic drugs" In: Cardiac Arrhythmias, 

20 edited by: E. Sandoe, E. Flensted-Jensen, K. Olesen; Sweden, Astra, 
Sodertalje, pp449-472, 1981) which cause a selective inhibition of the 

maximum velocity of the upstroke of the action potential (V ma x) are 
inadequate for preventing ventricular fibrillation. In addition, they 
have problems regarding safety, namely, they cause a depression of 
myocardial contractility and have a tendency to induce arrhythmias due 
to an inhibition of impulse conduction. Beta-adrenoceptor blockers and 
calcium antagonists which belong to Class II and IV, respectively, have 
a defect in that their effects are either limited to a certain type of 
arrhythmia or are contraindicated because of their cardiac depressant 
properties in certain patients with cardiovascular disease. Their safety, 
however, is higher than that of the antiarrhythmic agents of Class I. 

Antiarrhythmic agents of Class III are dmgs that cause a 
selective prolongation of the duration of the action potential without a 

significant depression of the V max . Available drugs in this class are 



25 



30 
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limited in number. Examples such as sotalol and amiodarone have been 
shown to possess interesting Class III properties (Singh B.N., Vaughan 
Williams E.M. "A third class of anti-arrhythmic action: effects on atrial 
and ventricular intracellular potentials and other pharmacological 

5 actions on cardiac muscle, of MJ 1999 and AH 3747" Br. J. Pharmacol 
1970; 59:675-689. and Singh B.N., Vaughan Williams E. M, "The effect 
of amiodarone, a new anti-anginal drag, on cardiac muscle", Br J. 
Pharmacol 1970; 39:657-667.), but these are not selective Class m 
agents. Sotalol also possesses Class II effects which may cause cardiac 

10 depression and is contraindicated in certain susceptible patients. 
Amiodarone, also is not a selective Class III antiarrhythmic agent 
because it possesses multiple electrophysological actions.and is severely 
limited by side effects (Nademanee, K. "The Amiodarone Odessey". J. 
Am. Coll. Cardiol. 1992; 20:1063-1065.) Drugs of this class are 

15 expected to be effective in preventing ventricular fibrillations. Selective 
class m agents, by definition, are not considered to cause myocardial 
depression or an induction of arrhythmias due to inhibition of 
conduction of the action potential as seen with Class I antiarrhythmic 
agents. 

20 Class HI agents increase myocardial refractoriness via a 

prolongation of cardiac action potential duration. Theoretically, 
prolongation of the cardiac action potential can be achieved by 
enhancing inward currents (i.e. Na + or Ca 2+ currents; hereinafter iNa 
and ICa respectively) or by reducing outward repolarizing potassium 

25 (K+) currents. The delayed rectifier (Ik) K+ current is the main 

outward current involved in the overall repolarization process during 
the action potential plateau, whereas the transient outward (Ito) and 
inward rectifier (iKl) K+ currents are responsible for the rapid initial 
and terminal phases of repolarization, respectively. Cellular 

30 electrophysiologic studies have demonstrated that Ik consists of two 
pharmacologically and kinetically distinct K+ current subtypes, iKr 
(rapidly activating and deactivating) and iKs (slowly activating and 
deactivating). Class m antiarhythmic agents currently in development, 
including d-sotalol, dofetilide (UK-68,798), almokalant (H234/09), E- 
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4031 and methanesulfonamide-N-[l'-6-cyano-l,2,3,4-tetrahydro-2(R)- 
naphthalenyl)-3,4-dihyd^o-4(R)-hyd^oxyspi^o[2H-l-benzopyran-2,4 , - 
piperidm]-6yl],(+)-,monochloride predominantly, if not exclusively, 
block iKr. Although, amibdarone is a blocker of iKs (Balser LR. 
Bennett, P.B., Hondeghem, L.M. and Roden, D.M. "Suppression of 
time-dependent outward current in guinea pig ventricular myocytes: 
Actions of quinidine and amiodarone. Circ. Res. 1991, 69:519-529), it 
also blocks Na+ and Ca 2+ currents, effects thyroid function, is as a 
nonspecific adrenergic blocker, and acts as an inhbitor of the enzyme 
phospholipase (Nademanee, K. "The Amiodarone Odessey". 7. Am. 
Coll, Cardiol. 1992; 20:1063-1065). Therefore, its method of treating 
arrhythmia is uncertain. 

Most Class m agents that are known to be in development 
predominantly block IKr. These agents have a potential liability in that 
they have an enhanced risk of proarrhythmia at slow heart rates. For 
example, torsades de points has been observed when these compounds 
are utilized (Roden, D.M. "Current Status of Class m Antiarrhythmic 
Drug Therapy", Am J. Cardiol 1993; 72:44B-49B). This exaggerated 
effect at slow heart rates has been termed "reverse frequency- 
dependence", and is in contrast to frequency-independent or frequency- 
dependent actions (Hondeghem, L.M. "Development of Class HI 
Antiarrhythmic Agents". J. Cadiovasc. Cardiol. 20 (Suppl. 2):S17-S22). 

A number of antiarrhythmic agents have been reported in 
the literature, such as those disclosed in: 



(1) EP-A-0 397,121-A, 

(2) EP-A-O 300,908-A, 

(3) EP-A-0 307,121, 

(4) U.S. 4,629,739, 

(5) U.S. 4,544,654, 

(6) U.S. 4,788,196, 

(7) EP application No. 88302597.5, 

(8) EP application No. 88392598.3, 

(9) EP application No. 88302270.9, 
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(10) EP application No. 88302600.7, 

(11) EP application No. 88302599.1, 

(12) EP application No. 88300962.3, 

(13) EP-A-O 235,752, 

(14) DE No. 3633977-A1, 

(15) U.S. 4,804,662, 

(16) U.S. 4,797,401, 

(17) U.S. 4,806,555, 

(18) U.S. 4,806,536, 



Despite considerable progress there is still a need for new methods to 
treat cardiac arrhythmia. In an effort to overcome the side effects 
15 inherent in currently available antiarrhythmic agents, compounds that 
treat arrhythmia through blockade of iKs are presented. 

OBJECTS OF THE INVENTION 



It is, accordingly, an object of the present invention to 



20 provide methods of treating cardiac arrhythmia with compounds not 
previously known to have activity for this condition. Another object is 
to provide new methods for treating cardiac arrhythmia. A further 
object is to provide pharmaceutical formulations and methods for their 
preparation for use in treating cardiac arrhythmia. These and other 

25 objects of the present invention will be apparent from the following 
description. 

SUMMARY OF THE INVENTION 

A method of treating cardiac arrhythmia in mammals 
30 comprising block of the slowly activating delayed rectifier potassium 
(K+)current (IKs) is presented. 



Among the compounds which exemplify this method of 



treatment are the 1 ,4-benzodiazepines or benzodiazepine derivatives that 



10 



(19) 
(20) 



U.S. 5,032,598, 
U.S. 5,032,604. 
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block the iKs current and are therefore effective in the treatment of 
cardiac arrhythmia. 

Additionally, it has been found that compounds, which at a 
concentration of 1 [iM or less (IC50), selectively block 50% of the IKs 

5 current measured in isolated myocytes and exhibit a selectivity ratio 
equal to or greater than 10 times the block of the iKr, IK1 currents, 
result in treatment which prolongs the cardiac refractory period equally 
well or to a greater extent as heart rate increases, producing a 
frequency-independent or frequency-dependent treatment. 

10 Benzodiazepine analogs of the general formula 



R 



15 




A 



20 wherein A is a 6-membered saturated or unsaturated carbocyclic ring or 
a 6-membered heterocyclic ring containing N, or N and O, Y is -NH2, 

NHSO2R 1 , 



25 




30 
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H 

I 



5 




10 n is O or 1 , X is O or -CH 2 R, R 2 is R or -CONHS0 2 R and R is straight 
or branched Ci_6 alkyl or Cl-3alkylamine wherein the amino group is 
optionally mono- or di-subsntuted by Cj^alkyl have been found to be 
useful in treating cardiac arrhythmia. 

15 DETAILED DESCRIPTION 

A method of treating cardiac arrhythmia in mammals 
comprising block of the slowly activating delayed rectifier potassium 
(K+)current (iKs) is presented. 

2Q Among the compounds which exemplify this method of 

treatment are the 1,4-benzodiazepines or benzodiazepine derivatives that 
block the IKs current and are therefore effective in the treatment of 
cardiac arrhythmia. 

Additionally, it has been found that compounds, which at a 

^ concentration ofl jiM or less (IC50), selectively block 50% of the IKs 
current measured in isolated myocytes and exhibit a selectivity ratio 
equal to or greater than 10 over block of the iKr, IK1 currents, result 
in treatment which prolongs the cardiac refractory period equally well 
or to a greater extent as heart rate increases, producing a frequency- 
independent or frequency-dependent treatment. 

Several of the compounds used according to the present 
invention are known per se as antagonists of gastrin and cholecystokinin 
(CCK). The invention includes racemic mixtures of these compounds, 
the separated R and S enantiomers, and preferably, the R enantiomer. 
Examples of suitable compounds according to the present invention are 
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disclosed in US Patent 4,820,834, EP-A-0 434 360 and EP-A-0 434 
369. Examples of some preferred compounds are listed below of this 
type: 

5 1. 3(R)-(+)-l,3-dihydro-3-(2-indolecarbonylamino)-l- 
methyl-5-phenyl-2H-l,4-benzodiazepin-2-one. 

2. 3(S)-(-)- 1 ,3-dihydro-3-(2-indolecarbonylamino)- 1 - 
methyl-5-phenyl-2H- 1 ,4-benzodiazepin-2-one. 

10 

3. N-(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l ,4- 
benzodiazepin-3-yl)-N'-(3-methylphenyl)urea. 

4. (R)-N-(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l ,4- 
1 5 benzodiazepin-3-yl)-N'-(3-methylphenyl)urea. 

5 . N-[3(R,S)-5-cyclohexyl-2,3-dihydro-l -methyl-2-oxo-l H- 
l,4-benzodiazepin-3-yl]-N'-[3-(isopropylsul- 
fonylaminocarbonyl)phenyl]urea, example 2 herein. 

20 

6. NJsf-dimethyl-4-(3(R,S)-(((3-methylphenyl)amino)- 
carbonyl)amino- 1 ,3-dihy dro- 1 -(2-methylpropy 1)- 
2-oxo- 1 ,4-benzodiazepin-5-yl)pheny lmethy lamine. 

25 7. (R)-3-amino-l,3-dihydro-l-methyl-5-phenyl-2H-l,4- 
benzodiazepin-2-one. 

8. N-(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l ,4- 
benzodiazepin-3-yl)-N'-(m-methylphenyl)urea. 

30 

9. (.+-.)-N-(2,3-dihydro-l-methyl-2-oxo-5-(4- 

pyridinyl)-lH-l,4-benzodiazepin-3-yl-lH-indole-2- 
carboxamide. 
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10. N-(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l ,4- 
benzodiazepin-3-yl)-4-methylbenzenesulfonamide. 

1 1 . (R)-l -(2-(dimethylaminoethyl)-5-(2-fluorophenyl)- 

1.3- dihydro-3-((l-methyl-lH-indole-3-yl)methyl)- 
2H-benzodiazcpin-2-one. 

1 2. N-(2,3-dihydro- 1 -methy l-2-oxo-5-(4-moipholino)- 1 H- 

1.4- benzodiazepin-3-yl)-N'-3-methylphenylurea. 

Additional benzodiazepines or benzodiazepine derivatives 
have also been found to block the IK S current. Representative 
compounds capable of blocking this current are presented in the 
Example section below 

Certain compounds have been shown to exhibit selective 
block of the K s current. Examples of these compounds are: 

a. (3RS)-N-(2,3-dihydro- 1 -methyl-2-oxo-S-Phenyl-lH-l ,4- 
benzodiazepin-3-yl)-N'-(3-methylphenyl)-urea. 

b. (3R)-N-(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl)-N'-(3-methylphenyl)-urea. 

c. E-(+)-N-[(3R)-2,3-dihydro-l -methyl-2-oxo-5 -phenyl- 1H- 
l,4-benzodiazeipn-3-yl)-N'-(3-methylphenyl)-urea. 

d. (+)-N-[(3R)-2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl]-3-(3-chlorophenyl)propanamide. 

e. (3RS)-3-cyclohexyl-N-(2,3-dihydro-l -methyl-5-phenyl-2- 
thioxo-lH-l,4-benzodiazepin-3-yl)propanamide. 

f . (-)-3-Carbohexyl-N-[(3R)-2,3-dihydro-l -methyl-2-oxo-4- 
oxido-5-phenyl-l H-l ,4-benzodiazepin-3-yl]propanamide. 
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(+)-N-[2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl]-hexamamide. 

(+)-N-[2,3-dihydro-l -methjyl-2-oxo-5-phenyl-l H-l ,4- 
benzodiazepin-3-yl]-pentanamide. 

N-[2,3-Dihydro-l-methyl-2-oxo-5-isopropyl-lH-l,4- 
benzodiazepin-3-yl]-3-cyuclohexyl]propanamide. 

N-[2,3-dihydro-l -methyl-2-oxo-5-isopropyl-lH-l ,4- 
benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)propan'amide. 

E-(+)-N-[(3R)-2,3-Dihydro- 1 -methy l-2-oxo-5-phenyl- 1 H- 

l,4-benzodiazepin-3-yl]-3-(4-methoxyphenyl)-2- 
propenamide. 

(+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4- 
benzodiazepin-3-yl]propanamide. 

(+)-3-Cyclohexyl-N-[(3R)-2,3-dihydro-l-methyI-2-oxo-5- 
phenyl-lH-l,4-benzodiazepin-3-y!]propanamide. 

(+)-N-[(3R)-2,3-Dihydro-l -methyl(-2-oxo-5-pheny 1-1 H- 

l,4-benzodiazepin-3-yl]-2-(2,4-dichlorophenylthio)- 
acetamide. 

(+)-N-[(3R)-7-Amino-2,3-dihydro-l-methyl-2-oxo-5- 

phenyl-lH-l,4-benzodiazepin-30-yl]-3-(2,4-dichlorophenyl) 
propanamide. 

(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-ylM-phenylbutanamide. 
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q. (+)-N-[(3R)-2 ) 3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l ,4- 
benzodiazepm-3-yl]-5-methyl-3-phenylisoxazole-4- 
carboxamide. 

5 r. N-[2,3-Dihydro-l-methyl-2-oxo-5-(4-methoxyphenyl)-lH- 

l,4-benzodiazepin-3-yl]-3-[2,4-dichlorophenyl]- 
propanamide. 

s. N-[2,3-Dihydro-l -methyl-2-oxo-5-ethyl-lH-l ,4- 
i o benzodiazepin-3-yl } -3-(2,4-dichlorophenyl)propanamide. 

t. E-(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH- 
1 ,4-oenzodiazepin-3-yl]-3-(2,4-dichlorophenyl)-2- 
propeneneamide 

15 

The utility of the exemplified compounds as anti- 
armythmic agents is shown by the following voltage-clamp and action 
potential studies in guinea pig isolated ventricular myocytes in vitro and 
by studies in conscious and anesthetized dogs in vivo. Although several 

20 of these compounds exhibit CCK antagonist activity, their 

antiarrhythmic activity stems primarily from block of the Iks current. 

By block of the the iKs current is meant a reduction in the 
amplitude of the time-dependent net outward current as measured in an 
isolated guinea pig myocyte and elicited during voltage clamp of the cell 

25 from a holding potential of -50 mV to +50 mV for 1 second under the 
conditions defined in the methods in Section I below. Current 
amplitude is measured as the difference from the initial instantaneous 
current level following the capacitance discharge after changing the 
transmembrane voltage from -50 mV to +50 mV, to the current level at 

30 the end of the 1 second voltage step. Normally, an increase in the 
current amplitude occurs as a function of time and voltage during 
depolarization of the cardiac cell membrane and this increasing current 
has been defined as the delayed rectifier K+ current (Ik). Cellular 
electrophysiologic studies have demonstrated that Ik consists of two 
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pharmacologically and kinetically distinct K+ current subtypes, Ijtr 
(rapidly activating and deactivating) and Ik s (slowly activating and 
deactivating). Iks current occurs as a consequence of time- and 
voltage-dependent opening of ionic channels or pores in the cardiac cell 

5 membrane that allow the relatively selective flow of potassium ions 
(K+) from the inside to the outside of the cell, that is, down the voltage 
and concentration gradient for K+ions that is inherent in cardiac cells. 
Thus, block of the iKs current ultimately reflects block of certain ion 
channels or pores in the cardiac cell membrane. However, the single 

10 pores or channels thought to underlie the Ik s current have yet to be 
measured or identified at the single channel level. 

By selective block of IKs is meant, compounds which block 
the IKs current measured in isolated myocytes by 50% at a 
concentration of 1^ or less (IC50) and the concentration that blocks 

is IKs by 50% is at least 10 fold lower than the concentration required to 
cause 50% block of iKr and/or Iki. 

I. VOLTAGE CLAMP MEASUREMENT OF IONIC CURRENTS 
AND ACTION POTENTIALS IN VITRO 

20 

Cell preparation: 

Guinea pig ventricular myocytes were isolated using a 
modification of the procedure described by Mitra et al, Am. J. Physiol. 
249:Hl 056-60 (1985). Excised hearts were perfused through the aorta 
25 (retrograde fashion) at a rate of 10 ml/min with oxygenated, warmed 
(37°C) solutions described below. The heart was initially perfused for 7 
minutes with a Tyrode's solution containing, in mM: 132 NaCl 4 KC1 
1.2 MgCl 2 , 10 HEPES, 5 glucose, pH = 7.2. The heart was then 

perfused with the same nominally Ca 2+ -free solution containing 150 
30 units/ml Type D collagenase (Worthington) and 0.5 units/ml Type XIV 
protease (Sigma) for 8 minutes. This perfusate was followed by a 
Tyrode's solution contianing 0.2 mM CaCl 2 (without enzymes) for 5 
minutes. The digested ventricles were cut into small pieces and gently 
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shaken until cells were visibly dispersed. The cells were stored at room 
temperature until use, within 8 hours after isolation. 

Microelectrode fabrication: 

5 The suction microelectrode technique described by Giles, 

W.R. and Shibata, E.F., 'Voltage clamp of bull-frog cardiac pacemaker 
cells: a quantitative analysis of potassium curretns'\ J. Physiol. 368:265- 
292 (1985) was used to voltage clamp the cells. Microelectrodes were 
made by using a two stage puller from square bore (1.0 mm o.d.) 

io borosilicate capillary tubing. Pipettes were filled with 0.5 M K 
gluconate, 25 mM KC1 and 5 mM K2ATP. The electrodes had 
resistances of 3 to 7 Mohm when filled with this solution. After 
establishing whole-cell recording mode, negative pressure was 
maintained on the pipette using a 1 ml gas-tight syringe attached via air 

15 tight tubing to the suction port of the microelectrode holder. This 
minimized dialysis of the cell with the pipette solution. 

Voltage-clamp technique: 

To record K + currents, the cells were bathed in a Ca^+- 

20 free Tyrode's solution containing 0.4 mM nisoldipine. Nisoldipine is a 
relatively specific blocker of L-type Ca2+ channels, having no effect on 
K + currents at this concentration (Kass, R.S., "Nisoldipine: a new, more 
selective calcium current blocker in cardiac Purkinje fibers"., /. 
Pharmacol Exp. Ther. 223:446-456, 1982). To record Ca 2+ currents, 

25 the cells were bathed in Tyrode's solution containing 1.8 mM Ca 2+ 

without nisoldipine. The cell chamber was superfused with solutions at 
a rate of 1-2 ml/minute, while maintaining the temperture at 35+1 °C. A 
List EPC-7 clamp amplifier was used to voltage clamp the isolated cells. 
Series resistance was compensated 40-70%, and current was low-pass 

30 filtered at a cut-off frequency of 1 kHz. Data acquisition and analysis 
were performed using pClamp software (Axon Instruments, 
Burlingame, CA) and either an AST 286 or a Compaq 386 computer. 
A variety of voltage pulse protocols were used to measure Ca^+ current 
and three types of K + currents: inward rectifier (iKl), rapidly 
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activating delayed rectifier (I^ r ) and the slowly activating delayed 
rectifier (Iks). Sanguinetti M.C. and Jurkiewicz, N.K., "Two 
components of cardiac delayed rectifier K + current: Differential 
sensitivity to block by Class m antiarrhythmic agents". J. Gen Physiol 
5 1990; 96:194-214. Data was analyzed as % block from control 
membrane currents. 

Current-clamp technique: 

To record action potentials, single cells were bathed in 1.8 

10 mM Ca 2 +-Tyrode's solution. The cell chamber was supefused with 

solutions at a rate of 1-2 ml/minute, while maintaining the temperature 

at 35+1 °C. A List EPC-7 clamp amplifier was used to current-clamp 

the cells. Action potentials were elicited at a frequency of 0.2 Hz with 1 

nA current pulses of 2 msec duration. Data were analyzed as percent 

15 (%) change in action potential duration at 90% of repolarization 
(APD 90 ). 

Solutions: 

Nisoldipine was prepared as a 4 mM stock solution in 
20 polyethylne glycol 200. Compounds tested in this series were prepared 
as 10 mM stock solutions in polyethylene glycol 400 or dimethyl 
sulfoxide. At the final concentrations used neither polyethylene glycol 
200, 400 nor dimethyl sulfoxide had any effect on membrane currents. 

25 Results: 

As an example of this series of compounds, compound 
number 4 in the foregoing list of preferred compounds exhibited a 
concentration dependent block of i£ s with an IC50 of 215 nM. 
Complete block of Ij^s wa s observed at 5 mM. Little or no effect was 
30 seen on I K1 (1 mM), I Kr (1 mM) or I Ca (0.1 mM) at the indicated 

concentrations. IC50 for Ij^. was estimated to be approximately 5 mM. 

Action potentials elicited from 4 cells exposed to 5 mM of compound 
number 4 exhibited an increase in APD90 of 202+85%. 
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D. ELECTROCARDIOGRAPHIC QT INTERVAL IN CONSCIOUS 
DOGS 

Method: 

5 Trained, female mongrel dogs, in the weight range of 8 to 

16 kg and instrumented with chronic arterial access ports, were 
deprived of food 18 to 24 hours prior to the study. At test time, the 
dog was placed in an Alice King Chatham nylon mesh sling for light 
restraint. Four Grass Instrument Co. Type E2 Platinum Subdermal 

io Electrodes were affixed to the limbs of the dog and connected to a 
Hewlett-Packard 4700A Cardiograph multi-lead electrocardiogram 
(ECG) recorder. After approximately a 30-minute stabilization period, 
one or two pretreatment Lead II ECG tracings were taken over 
approximately a 30-second interval. Dogs were then dosed via gavage 

15 with labrafil (vehicle) or test compound. The volume administered was 
2.0 ml/kg followed by a 15 ml tap-water flush. Lead II ECG 
recordings were obtained at 15, 30, and 60 minutes and every 30 
minutes thereafter for five hours post-drug administration. Dogs were 
also monitored for blood pressure changes via a Modular Instruments 

20 data acquisition system and transducer connected to the arterial access 
port. Final ECG traces were taken at approximately 24 hours post- 
treatment. Average QT interval lengths were determined for each time 
point and QTc values were calculated to correct for variations in heart 
rate (QT C = QT/VI^). 

25 As an example of this series of compounds, oral 

administration of compound number 4 elicited a dose-related 
prolongation of ECG QT interval. There were no other ECG or 
cardiovascular effects of compound number 4 in conscious dogs. 

30 ID. FREQUENCY-DEPENDENCE OF CLASS ffl ACTIVITY 

The propensity for Class III antiarrhythmic agents that 
predominantly block iKr to cause arrhythmia at slow heart rates is 
likely due to the "reverse frequency-dependent" action of these agents, 
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that is, these agents have greater activity at slow vs fast heart rates 
(Hondeghem, L.M. and Snyders, DJ., "Class IE antiarrhythmic agents 
have a lot of potential, but a long way to go: reduced effectiveness and 
dangers of reverse use-dependence." Circulation 57:686-690, 1990; 

5 Hondeghem, L.M.,"Development of Class in antiarrhythmic agents". J. 
Cardiovasc. Pharmacol. (Suppl 2): S17-S22, 1992; Funck-Brentano, C, 
"Rate-dependence of Class HI actions in the heart". Fundam. Clin. 
Pharmacol. 7:51-59, 1993). Cellular electrophysiologic studies indicate 
that the reverse frequency-dependent profile Class ITJ agents that block 

10 iKr is the result of a diminished contribution of the iKr current, 

relative to other outward currents (eg., iKsX to repolarization at fast 
heart rates (Jurkiewicz N.K. and Sanguinetti, M.S. "Rate-dependent 
prolangation of cardiac action potentials by a methanesulfonanilide Class 
III antiarrhythmic agent: specific block of rapidly activating delayed 

15 rectifier K+ current by dofetilide" Circ. Res. 72:75-83, 1993). Because 
iKs may contribute more to repolarization at faster heart rates, the 
selective blockade of IKs represents a potential target for safer and 
more effective Class ID antiarrhythmic agents. First, a selective 
blocker of IKs should not display exaggerated activity at slow heart 

20 rates, and would therefore possess a more favorable safety profile than 
reverse frequency-dependent IKr blocker Class HI antiarrhythmic 
agents. Second, a selective blocker of IKs should possess equal or 
greater activity at faster heart rates which might result in greater 
efficacy against arrhythmias. The in vitro cellular electrophysiologic 

25 studies and in vivo cardiac electrophysiologic studies in anesthetized 

dogs described below were conducted in order to test the hypothesis that 
the selective blockade of IKs would result in either frequency- 
independent (i.e., equivalent activity at slow and fast rates) or forward 
frequency-dependent (greater activity at faster vs slower rates) Class TH 

30 activity. 
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m. A. FREQUENCY-DEPENDENT EFFECTS ON ACTION 
POTENTIAL DURATION IN VITRO IN ISOLATED 
VENTRICULAR MYOCYTES 
Methods: 

5 

Cell preparation: Same as described in section L 

Action Potential Measurements: 

Transmembrane action potential measurements were made 

io using a technique similar to that described previously by Salata, J J. and 
Wasserstrom, LA. "Effects of quinidine on action potentials and ionic 
currents in isolated canine ventricular myocytes", Circ. Res. 62:324-337 
(1988). The isolated ventricular myocytes were transferred to a glass 
bottom experimental perfusion chamber (12x25 mm) filled with a 

is HEPES-Tyrode's solution containing in mM: 132 NaCl, 4 KC1, 1.8 

CaCl2, 1.2 MgCl 2 , 10 HEPES, 5 glucose, pH = 7.2 to a height of 2 mm. 

After the myocytes settled to the bottom of the chamber, they were 
continuously superfused with preheated HEPES-Tyrode f s solution at a 
rate of 2.0 ml/min. The temperature was monitored and maintained at 

20 36±0.5°C The experimental chamber was placed on the stage of an 
inverted microscope (Nikon Diaphot-TMD) to view the cells. 
Transmembrane potentials were recorded by means of conventional 
glass microelectrodes that were filled with 3 M KC1 and had tip 
resistances of 40-60 MQ. The microelectrode was connected through a 

25 Ag-AgCl electrode to the headstage preamplifier (model HS-2, 

gain=1.0) of an operational amplifier with a high input impedance and 
variable input capacitance neutralization (Axoclamp -2A, Axon 
Instruments, Foster City, CA). The voltage drop across the 
microelectrode produced by current injection was compensated 

30 electronically with an active bridge circuit immediately before 

impalement of a cell. The experimental bath was grounded through a 3 
M KC1 agar bridge and a Ag-AgCl junction. The microelectrodes were 
positioned carefully at the cell surface using a hydraulic 
micromanipulator (Narishige Model MO-303, Greenvale, NY). 
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Penetration of the cell membrane was achieved by briefly (1-3 msec) 
increasing the input capacitance neutralization to cause oscillation of the 
amplifier. After establishing a stable microelectrode seal, the myocyte 
was lifted off the bottom of the chamber to allow complete superfusion 

5 of the cell. Action potentials were generated by passing current pulses 
of 1 msec in duration, and with an intensity of 1.2 times threshold at 
varying stimulus rates through the recording electrode. Cells were 
allowed to stabilize for 20 minutes before collection of data began. 
Voltage signals were digitized using an analog to digital converter (TL- 

io 1, DMA interface, Axon Instruments, Foster City, CA) at a sampling 
frequency of 2 kHz. Data acquisition and analysis were performed with 
pClamp software (Axon Instruments, Foster City, CA) and an AST 486 
computer (Irvine, CA). Action potentials were stimulated at rates of 
either 60, 120, and 180 beats/min and were allowed to stabilized for 1 

is minute at each rate. Trains of stimuli were applied at each of these 
rates for a duration of 30 seconds and the last action potential of the 
train was recorded from each of 5 trains and these 5 action potentials 
were averaged. Action potential duration at 90% of repolarization 
(APD90) was measured from the averaged action potential traces at 

20 each stimulus rate in control and at 10 minutes after superfusion of 
solution containing the compound of Example 26 at a given 
concentration. The compound was superfused at sequentially increasing 
concentrations. The compound of Example 26 was dissolved at a stock 
concentration of 1 mM in dimethyl sulfoxide (DMSO) and diluted 

25 directly into HEPES Tyrode's solution using serial dilutions as 
necessary to achieve final test concentrations. 

Results: 

In these studies, one of the preferred compounds, the 
30 compound of Example 26, produced both concentration and rate- 
dependent increases in the action potential duration of isolated guinea 
pig myocytes as shown in Table 1. In the control, APD90 values were 
229+22, 206±15, and 189±10 msec at stimulus rates of 60, 120, and 180 
beats/min, respectively. The compound of Example 26, at 10 nM, 
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increased APD90 more at fast vs siow rates. For example, APD90 was 
increased an average of 12.4% at 180 beats/min vs 9.4% at 60 
beats/min. Thus, at lower concentrations the compound increased 
APD90 in a forward frequency-dependent manner. At higher 
5 concentrations, APD90 was increased equally at fast and slow rates. 
The percent increases were not statistically different at the different 
stimulus rates, therefore, at higher concentrations APD90 was increased 
in a frequency-independent manner. The increases in APD90 were 
nearly completely reversible after 20 min of washout of the compound. 

10 

TABLE 1 

E-(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-y 1] -3-(2,4-dichlorophenyl)-2-propeneneamide : 
15 Concentration- and Frequency-Dependent Increases in Action Potential 
Duration at 90% of Repolarization (APD90) in Isolated Ventricular 
Myocytes 



30 
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ST1MULUS 
Concentration Rate APD90 SEM 



[nM] 


beats/min 


% Change 




10 


60 


9.4 


±2.4 




120 


10.1 


+1 2 




180 


12.4 


±3.4 


30 


60 


16.0 


±2.3 




120 


14.8 


±1.3 




180 


14.4 


±1.8 


100 


60 


24.7 


±4.4 




120 


24.3 


±4.4 




180 


22.9 


±4.0 


Washout 


60 


4.2 


±6.3 




120 


5.3 


±5.1 




180 


5.9 


±3.9 



Data are Mean ± SEM (n>5 cells) 

25 

IH.B FREQUENCY- DEPENDENT EFFECTS ON CARDIAC 
REFRACTORY PERIOD IN VIVO IN ANESTHETIZED DOGS 

Methods: 

30 Purpose-bred male or female mongrel dogs (9.8-10.8 kg) 

were anesthetized with alpha chloralose (80 - 100 mg/kg i.v.), and the 
animals were ventilated using a volume-cycled respirator. The right 
femoral artery and vein were isolated and cannulated for the 
measurement of systemic arterial pressure and for test agent 
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co- 
administration, respectively. A right thoracotomy was performed in the 
4th intercostal space, the pericardium incised, and the heart suspended 
in a pericardial cradle. One stainless steel bipolar plunge electrode was 
sutured to the anterior surface of the right ventricle for the 

5 determination of ventricular excitation threshold and refractory 
periods, while a second stainless steel bipolar plunge electrode was 
sutured to the right ventricular apex for ventricular pacing. A 21 gauge 
stainless steel hypodermic needle attached to a 1 ml syringe containing 
40% formaldehyde was introduced into the right atrium via a stab 

io wound and purse-string suture. The atrioventricular (A V) node was 
identified and then chemically ablated with formaldehyde using the 
method of Steiner and Kovalik (Steiner C. and Kovalik, "A simple 
technique for production of chronic complete heart block in dogs" 
T.W.; /. Appl. Physiol. 25:631-632, 1968). After the ablation of the 

15 AV node, heart rate was controlled and maintained at either 60 or 150 
beats/min, as dictated by the experimental protocol, by ventricular 
apical pacing. Limb electrodes were attached for the continuous 
recording of Lead II electrocardiogram. 

Ventricular excitation threshold (ET) and relative 

20 refractory periods (RRPs) were determined alternately at heart rates of 
60 and 150 beats/min using an extrastimulus technique described 
previously (Wallace A.A. et. a/.,"Cardiac electrophysiologic and 
inotropic actions of new and potent methanesulfonanilide Class HI 
antiarrhythmic agents in the anesthetized dog". /. Cardiovasc. 

25 Pharmacol. 75:687-695, 1991). Ventricular excitation threshold was 
defined as the minimum current required to evoke a propagated 
response for a ventricular extrastimulus introduced at a coupling 
interval of 250-300 msec after a basic ventricular apical beat. The 
ventricular relative refractory period was defined as the longest 

30 coupling interval failing to elicit a propagated response for a ventricular 
extrastimulus introduced with a current intensity of 2x the ventricular 
excitation threshold. Multiple alternating baseline 60 and 150 beat/min 
RRPs were measured in each preparation, with two-to-three stable 
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consecutive baseline RRP determinations required prior to 
administration of the test agent. 

In this study, one of the preferred compounds, E-(+)-N- 
[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H- 1 ,4-benzodiazepin-3 - 

5 yl]-3-(2,4-dichlorophenyl)-2-propeneneamide, (Compound of Example 
26) was used as an example of a selective blocker of iKs- The 
compound of Example 26 was administered intravenously at a dosage of 
L0 mg/kg over a period of 5 minutes to a group of 5 anesthetized dogs. 
The compound of Example 26 was infused in a vehicle of 2% 

io cremophor/2% ethanol/96% saline, at a test agent concentration of 0.5 
mg/ml. Ventricular RRPs at 60 and 150 beats/min were redetermined 
immediately, 15 and 30 minutes following the intravenous 
administration of the compound of Example 26. The frequency- 
dependence of the activity of the compound of Example 26 was assessed 

15 by comparing absolute increases in ventricular RRPs from the final 
corresponding baseline value baseline determined at slower (60 
beat/min) vs faster (150 beat/min) heart rates. 

Results: 

20 The table below summarizes the absolute increases in the 

ventricular RRP from the respective baseline values observed at slower 
(60 beat/min) vs faster (150 beat/min) heart rates after the intravenous 
administration of 1 .0 mg/kg of the compound of Example 26. 
Equivalent increases in the ventricular RRPs were observed at the 60 

25 and 150 beat/min heart rates following the administration of the 
compound of Example 26, indicating that it displays "frequency- 
independent" activity to increase the RRP. 

TABLE 2 

30 

Increase in Ventricular Relative Refractory Period (msec) Above 
Baseline Following the Intravenous Administration of 1.0 mg/kg of the 
compound of Example 26 at Indicated Heart Rate and Time Points after 
Infusion 
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Heart Rate 

(Beat/Min) Immediate 15 Min 30Min 
5 60 29.6+4.4 19.2±3.4 14.0±2.3 

150 23.2±7.3 15.6±4.1 11.4±4.4 

Data are MeairfcS.E.M.; n=5 

10 

The compounds of the present invention have the 
pharmacological properties required for the antiarrhythmic agents of 
Class HI, namely the prolongation of the myocardial action potential in 

vitro without a significant depression of the V ma x or prolongation of 

15 cardiac refractory period or QTc-interval in dogs. Moreover, the 
effects of many of the novel compounds, in contrast to such iKr 
blockers, increase action potential duration equally or to a greater 
extent at fast heart rates. These compounds are much more potent than 
the reference drug, sotalol. 

20 The compounds of the present invention are effective in 

treating and preventing all types of arrhythmias including ventricular 
and atrial (supraventricular) arrhythmias. The compounds of the 
prfesent invention are especially useful to control reentrant arrhythmias 
and prevent sudden death due to ventricular fibrillation. 

25 In the novel method of treating arrhythmia of this 

invention, a compound or pharmaceutically acceptable salt thereof, is 
administered in an amount ranging from about 0.1 to about 50 mg per 
kg of body weight per day, preferably from about 1.0 to about 30 mg 
per kg of body weight per day in a single dose or in 2 to 4 divided 

30 doses. 

The compounds of this invention can be administered as the 
sole active ingredient or in combination with other antiarrhythmic 
agents or other cardiovascular agents. 
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The compounds, or pharmaceutically acceptable salts 
thereof, of the present invention, in the described dosages, are 
administered orally, intraperitoneally, subcutaneously, intramuscularly, 
transdermally, sublingually or intravenously. They are preferably 

5 administered orally, for example in the form of tablets, troches, 

capsules, elixirs, suspensions, syrups, wafers, chewing gum, or the like 
prepared by art recognized procedures. The amount of active 
compound in such therapeutically useful compositions or preparations is 
such that a suitable dosage will be obtained. 

io The following examples illustrate the present invention 

without, however, limiting the same thereto. 

EXAMPT.F. 1 

15 Following the protocol described previously but 

substituting the compounds listed below for compound number 4, the 
following results are obtained: 



IC 50 or % Block (jiM) 



20 


Guinea Pig Myocytes 


IC 50 (mM) 




No. of Compound 


DCs 


IKr 


CCKA 


CCKB 


1 


0.220 


20% (1) 


8.0 


3,800 


2 


25% (1) 


21% (1) 


0.07 


220 


25 5 


57 


77 


>3mM 


>3mM 








2% 


0% 


8 


10 


38 






9 


20 


93 







30 
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Cellular Electrophysiology (% Block) 







Cone. 


A K1 


A Kr 


A Ks 




5 


1 |xM 


n = 2 


n = 2 


n = 2 


5 






1.6 


16.1 


10 






10 \iM 


n = 5 


n = 5 


n = 5 








5.2+1.8 


24.7+13 


30.5+6.6 




7 


1 nM 


n = 4 


n = 4 


n = 6 


10 






6.5+2. 


14.8+6.7 


29.9+6 






lOpiM 


n = 4 


n = 4 


n = 4 








8.6+2.2 


36.4+2.9 


43.4+10.8 


15 


Cellular Electrophysiology (% Block) 










Cone. 


IKI 


%r 


iKs 




9 


1 M-M 


n = 2 


n = 2 


n = 2 


20 






2 


44.3 


20 






10p:M 


n = 2 


n = 2 


n = 2 








0.6 


82.4 


66 




12 


1 p:M 


n = 4 


n=4 


n = 4 








8+2.4 


13+3.1 


14+6.5 


25 




10 |iM 


n = 4 


n = 4 


n = 4 








10+4.2 


30+5.4 


16+11 



EXAMPLE 2 

30 N-[3(R,S)-5-Cyclohexyl-2,3-d%dro-l^ 

diazepin-3-vnN , -r3-asoproDvlsn1f onvl amino rarbonvnphenvllnma 

Step !:• Isopropvlsulfonamidft 

Ammonia gas was bubbled through a stirred solution of 
isopropylsulfonyl chloride (3.9 ml, 35 mmol) in anhydrous 
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tetrahydrofuran (100 ml), cooled to 0°C, for 30 minutes. After 
allowing to warm to ambient temperature, the mixture was filtered and 
the filtrate evaporated in vacuo, to leave a white solid. This was 
partitioned between ethyl acetate (50 ml) and water (50 ml). The 
organic phase was separated and the aqueous phase extracted with ethyl 
acetate (3 x 50 ml). The combined organic layers were dried (Na2SC>4) 
and evaporated in vacuo to afford the title compound (3.5 g, 81%) ad a 
colorless solid, mp 51-53°C. lH NMR (360m Hz, CDC13) w 1.92 (6H, 
d, J = 6.7Hz), 3.22 (1H, septet, J = 6.7 Hz), 4.61 (2H, br s). 



Ste P 2 : l-asoDronvlsulfonv1ami nocarhonvn-S-nitro-hftn7.ftnp 

To a mixture of isopropylsulfonamide (1.7 g, 13.8 mmol), 
3-nitrobenzoic acid (2.31 g, 13.8 mmol) and 4-dimethylaminopyridine' 
(1.69 g, 13.8 mmol) in anhydrous dichloromethane (100 ml) under an 

15 atmosphere of nitrogen was added l-[3-(dimethylamino)-propyl]-3-ethyl 
carbodiimide hydrochloride (2.65 g, 13.8 mmol). The mixture was 
stirred at ambient temperature for 20 hours, then extracted with 1M 
NaOH and the separated aqueous phase was acidified using 5M HC1. 
The solid which precipitated was collected by filtration, washed with 

20 water and dried under vacuum to afford the title compound (2.74 g, 
75%) as a colorless solid, mp 175-1 77°C. *H NMR (360 MHz, D 6 -' 
DMSO) w 1.34 (6H, d, J = 6.9Hz), 3.83 (1H, septet, J = 6.9Hz) 7 93 
(1H, dd, J = 8.0 and 8.0Hz), 8.35 (1H, d, J = 8.0Hz), 8.48 (1H, d J = 
8.0Hz, 8.78 (1H, s), 12.40 (1H, br s). 



Ste P 3 : l-(IsoDropvlsulfonvlamin ocarbonvn3. a mino-ben7pnp. 

To a suspension of l-(isopropylsulfonyl-aminocarbonyl)- 
nitrobenzene (2.5 g, 9.2 mmol) in ethanol (50 ml) was added 10% 
palladium on carbon (0.25 g, 10% (w/w)) in water (2 ml). The mixture 
was hydrogenated at 40 psi for 10 minutes after which the catalyst was 
filtered off and washed with ethanol. The solvents were evaporated in 
vacuo to give the title compound was afforded as a yellow solid. This 
was recrystallised from hot ethanol to give a pale yellow crystalline 
solid (1.7 g 75%), mp 190-193°C. 1h NMR (360MHz, D 6 -DMSO) w 
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1.30 (6H, d, J = 6.8Hz), 3.79 (1H, septet, J = 6.9 Hz), 5.36 (2H, br s), 
6.79 (1H, dd, J = 7.9 and 1.2Hz), 7.05 (2H, m), 7.13 (1H, dd, J = 7.8 
and 7.8Hz). 



5 Step_4: N-3-(R,S)-5-CyclohexyI-2,3-dihydro-l-methyl-oxo-lH-l,4- 
benzodiazepin-3-yl] N'-[3-(isopropylsulfonylamino- 
carbonynphenvniirea 

A solution of 5-cyclohexyl-l,3-dihydro-l-methyl-3(R,S)- 
[4-nitrophenyloxycarbonyl)-amino]-2H-l,4-benzodiazepin-2-one (0.3 g, 

10 0.69 mmol) in anhydrous dimethyl formamide (6 ml) and l-(isopropyl- 
carbonylaminosulfonyl)-3-aminobenzene (0.175 mg, 0.72 mmol) was 
added dropwise. After recrystallization from hot ethanol the compound 
(0.24 g, 65%) was afforded as a colorless solid, mp 165°C (dec ) l H 
NMR (360MHz, D 6 -DMSO) w 0.87-0.98 (1H, m), 1.10-1.64 (7H, m), 

is 1.30 (6H, d, J = 6.9Hz), 1.79 (1H, m), 1.88-1.96 (1H, m), 2.95 (1H, m), 
3.33 (3H, s), 3.79 (1H, septet, J - 6.9Hz), 5.07 (1H, d, J = 8.2Hz), 7.37 
(3H, m), 7.46 (1H, d, J = 7.8Hz), 7.55 (2H, m), 7.64 (1H, dd, J = 7.1 
and 7.1Hz), 7.75 (1H, d, J = 7.9Hz), 7.92 (1H, s), 9.22 (1H, s), 11.93 
(lH,brs). 



20 



EXAMPLE 3 



25 



Other compounds which exemplify the treatment of arrhythmia through 
blockade of the IKs channel include, hu t are not limited to the fnllmy inp 



30 
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R 1 R 2 r3 R 4 r5 




N-[3(/?5)-5-(N-Cyclohexyl-N-methylamino)-2,3-dihydro-l-methyl-2- 
oxo-lH-L 4-benzodiazepin-3-vl1-N'-r3-methyIphenvnurea 

Step A: Preparation of Methyl-2-(N-bromoacetyl-N-methylamino) 

benzoate 

A solution of bromoacetyl bromide (209 g, 1.03 mol) in 
dichloromethane (200 ml) was added dropwise to a cooled (ice bath) 
solution of methyl N-methylanthranilate (158 g, 0.96 mol) in 
dichloromethane (1.41). A solution of sodium hydroxide (59 g, 1.47 
mol) in water (400 ml) was added dropwise to this ice cold solution then 
after addition the reaction mixture was stirred at room temperature for 
20 hours. The organic phase was separated and washed with 1M 
hydrochloric acid (500 ml), brine (300 ml), saturated sodium hydrogen 
carbonate solution (400 ml), dried (sodium sulphate) then evaporated to 
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afford the required product as a solid (255 g, 92%). *H NMR 
(360MHz, CDCL3) 5 3.23 (3H, s), 3.54 (1H, d, J = 1 1Hz), 3.60 (1H, d, 
J = 1 1Hz), 3.90 (3H, s), 7.40 (1H, d, J = 8Hz), 7.51 (1H, dd, 
Jl=J2=8Hz), 7.65 (1H, dd, Ji=J2=8Hz), 8.04 (1H, d, J = 8Hz). 

5 

Step B: Preparation of 2.5-Dioxo-l-methv1-1.4-benzodia7ftp inp 

Ammonia gas was bubbled through an ice-cooled solution 
of methyl 2-(N-bromoacetyl-N-methylamino)benzoate (255 g, 0.89 
mol) in methanol (1.61) until saturated. The cooling bath was removed 

10 and the reaction mixture left standing at room temperature for 18 

hours. The precipitate was collected to afford the required product (79 
g). The filtrate was evaporated and the residue partitioned between 
dichloromethane (300 ml) and 10% citric acid solution (200 ml). The 
organic layer was separated, washed with brine (200 ml), dried (sodium 

15 sulphate) then evaporated to give a solid which was recrystallized from 
dichloro-methane/petroleum ether (60-80) to afford further product 
(32.5 g). Total yield = 111.5 g (73%). Mp 190-1 93°C. lH NMR (360 
MHz, CDC13) 5 3.42 (3H, s), 3.80 (2H, broad s), 6.80 (1H, s), 7.24 (1H, 
d, J = 8 Hz), 7.32 (1H, dd, Jl = J 2 = 8 Hz), 7.57 (1H, dd, Jl = J 2 = 8 

20 Hz), 7.90 (1H, d, J = 8 Hz). Found C, 63.20; H, 5.25; N, 14.77. 
C10H10N2O2 requires C, 63.15; H, 5.30; N, 14.73%. 

Step C : 

The desired product was prepared as for Example 1 parts 
25 a, b, and c, using 2,5-dioxo-l-methyl-l,4-benzodiazepine in place of 
2,5-dioxo-l-propyl-l,4-benzodiazepine to give a white solid which was 
recrystallized from methanol, water to give the desired product (70 
mg). Mpl45-147°C *H NMR (360 MHz, D6-DMSO) 5 0.99 (10H, 
m), 2.21 (3H, s), 2.65 (3H, s), 3.31 (4H, m), 4.92 (1H, d, J = 8.4 Hz) 
30 6.70 (1H, d, J = 8.0 Hz), 6.93 (1H, d, J = 7.5 Hz), 7.09 (2H, m), 7.17 
(1H, s), 7.36 (1H, m), 7.49-7.69 (3H, m), 8.80 (1H, s); MS (CI) m/e 434 
[MH]+. Anal. Found C, 67.22; H, 7.23; N, 15.29. C25H31N5O2.O.75 
H20 requires C, 67.17; H, 7.33; N, 15.67%. 
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EXAMPLE 4 

(-)-N-[5-(N-Cyclohexyl-N-methylamino)-2,3-dihydro-2-oxo- 1 -methy 1- 
1H-1 ,4-benzodiazepin -3-vI1-N'-n-methvIphenyllurea Hydrochloride 
The desired product was separated from the racemate of 
Example 4 by chiral HPLC as for Example 2, Step A. Peak A (eluted 
first) was treated as for Example 2 part B and the free base obtained 
was dissolved in dichloromethane. Ethereal hydrogen chloride was 
added and after 5 minutes the solvent was removed in vacuo. The 
resulting oil was crystallized from dichlromethane/ether to give the 
desired hydrochloride as a white solid (100 mg). Mp 193-195°C. lH 
(360MHz, D6-DMSO, trifluoroacetic acid) 8 0.95-1.95 (10H, m), 2.23 
(3H, s), 3.12 (3H, s), 3.43 (4H, m), 5.39 (1H, m), 6.76 (1H, d, J = 
7.2Hz), 7.1 1-7.90 (7H, m). MS (CI) m/e [MH]+. Anal. Found. C, 
60.45; H, 7.02; N, 14.05. C25H31N502-HC1. 1.5 H2O requires C, 
60.41; H, 7.02; N, 14.35%, [a]22 D _195° (c= o.l, MeOH). Purity A:B 
=>99%. 

EXAMPLE 5 

(+)-N-[5-(N-Cyclohexyl-N-methylamino)-2,3-dihydro-2-oxo-l-methyl- 
1 H-l ,4-benzodiazenin-3 -vn-N'-r3-methvlDhenvnnrea Hydrochloric 

The desired product was separated from the racemate from 
Example 4 by chiral HPLC as for Example 2 part A. Peak B (eluted 
second) was treated as for Example 5 peak A to yield the desired 
hydrochloride (90 mg). Mp 194-196°C. *H NMR (360MHz, D6- 
DMSO + trifluoroacetic acid) 8 0.95-1.95 (10H, m), 2.24 (3H, s), 3.12 
(3H, s), 3.43 (4H, m), 5.39 (1H, m), 6.76 (1H, d, J = 7.5Hz), 7.06-7.86 
(7H, m), 9.20 (1H, s); MS (CI) m/e 434 [MH]+. Anal. Found. C, 58.28; 
H, 6.82; N, 13.47. C25H3lN5C»2'HCL2.35H20 requires C, 58.61; H, ' 
7.22; N, 13.67%. [a.j&D+154° (C=0.1, MeOH). Purity B:A =>95%. 
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Further examples of other compounds which are useful in 
the treatment of arrhythmia by blockade of the DCs current include but 
are not limited to compounds such as: 



10 



15 



20 




X 

N -^X-R 1 



where X is -CH2-, R 1 is 1-naphtyl, R2 and R3 taken together are 
-(CH2)6- and R4 is n-propyl. 

EXAMPLE 6 

(±)-N-[2,3-dihydro- 1 -memyl-2-oxo-5-(N-cyclohexyl-N-memylamino)- 
1 H-l ,4-benzodiazepin-3-vl1-3-phenvlpropan am i<te 

Step A : 



25 



30 





A solution of PC15 (6.6 g, 32 mmol) in 250 mL dichloro- 
methane was added to a stirred solution of 1 -methyl- 1,4-benzodiaz- 
epine-2,5-dione (5.0 g, 26 mmol) in 150 mL of dichloromethane. The 
solution was stirred at room temperature for 3 hours before 
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evaporation of volatiles. The resulting foam was dissolved in 200 mL 
dichloromethane, the solution cooled to 0°C and a solution of N-methyl- 
cyclohexylamine (11.8 mL, 91 mmol) in 50 mL of dichloromethane 
added over 5 minutes. The reaction mixture was allowed to warm to 
room temperature, and partitioned. The organic phase was washed with 
brine, dried (MgS04) and solvent evaporated to give the product as a 
foam. Yield 6.9 g. 

NMR (300 MHz, CDC1 3 ) 5: 7.60 (m, 1H), 7.47 - 7.52 (m, 2H), 7 33 (m 
) 1H), 4.0 (1/2AB, J = 12.2 Hz, 1H), 3.47 (1/2AB, J = 12.2 Hz, 1H) 3 35 ' 
(s, 3H), 3.3 (m, 1H), 2.78 (s, 3H), 1-0-2.0 (m, 10H). 

Step B : 





A solution of 2,3-dihydro-l-methyl-2-oxo-5-(N- 
cyclohexyl-N-methylamino)-lH-l ,4-benzodiazepine (770 mg, 2.7 
mmol) in 10 mL toluene was added to a stirred and cooled (30°C) 
suspension of potassium t-butoxide (750 mg, 6.7 mmol) in 25 mL of 
toluene. After stirring at -30°C for 30 minutes, isoamyl nitrite (540 
\iL, 4.0 mmol) was added and the reaction mixture stirred for 3 hours 
at -20°C. The mixture was then poured into 10% citric acid 
solution/ethyl acetate, stirred for 10 minutes, the pH adjusted to 7 with 
saturated potassium carbonate solution and the phases separated The 
organic phase was washed with brine, the organic phase dried (MgS04) 
and the solvent evaporated to give a foam. This was dissolved in 15 mL 
THF and ethyl isocyanate (395 uL, 5 mmol) added followed by 
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triethylamine (700 p.L, 5 mmol). The reaction mixture was heated to 
60°C for 2 hours, cooled to room temperature, the volatiles evaporated 
and the residue purified by flash column chromatography (silica, 75% 
ethyl acetate/hexane) to afford 720 mg of product as a foam. 

NMR (300 MHz, CD3OD) 5: 7-7.6 (m, 5H), 3.5 (m, 1H), 3.42 (s, 3H), 
2.7-3.3 (m, 5H), 1.1-2 (m, 10H), 1.05 (t, J = 7 Hz, 3H). 

Step C : 



15 



20 



25 




A solution of the oxime carbamate (355 mg, 1.85 mmol) in 
30 mL methanol was hydrogenated at 50 psi over 300 mg of 10% 
palladium/charcoal for 3 hours. The mixture was filtered through ceilte 
and the filtrate evaporated to give the crude amine. This was dissolved 
in 5 ml DMF and phenylpropionic acid (300 mg, 2 mmol), 1- 
hydroxybenzotriazole hydrate (305 mg, 2 mmol), triethyla^nine (250 
JiL, 1.8 mmol) and l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
(380 mg, 2 mmol) added. The reaction mixture was stirred at room 
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temperature for 1 8 hours, poured into water and extracted with ethyl 
acetate. The organic phase was washed with sodium bicarbonate 
solution and brine, dried (MgS04) and solvent evaporated to give a 
solid, recrystallized from ethyl acetate/hexane to afford (±)-N-[2 3- 
5 D ihydro-l-methyl-2-oxo-5-(N-cyclohexyl-N-methylam^^ 
benzo-diazepin-3-yl)-3-phenylpropanamide. 

m.p. 167-168°C. 

Anal. Calcd. for C26H32N 4 O2«0.75 cyclohexane: 
10 C,73.9; H, 8.34; N, 11.3. 

Found: C, 73.75; H, 8.36; N, 10.79%. 

NMR (300 MHz, DMSO) 8: 8.8 (d, J = 7.5 Hz, IH), 7.3-7 65 (m 9H) 
4.95 (d J = 7Hz,lH), 3.57 (1/2AB, J = 13 Hz, IH), 3.48 (if^'j = 13 
15 Hz, IH), 3.1-3.4 (m, IH), 3.27 (s, 3H), 2.65 (s, 3H), 0.9-1.9 (m, 10H). 

By substituting the appropriate acid for phenylpropionic 
acid, and employing the procedures substantially as described in 
Example 1 the following compounds were prepared 

20 

EXAMPLE 7 

it^Ju 3 " 01 ^^ 

lH-l,4-ben7,o-diazepin-^- Y ii.9 . cvrl nh P T Y i,^o^ ldr 

m.p. 158-159°C. 

Anal. Calcd. for C25H36N4O2 0.85 cyclohexane: 

C, 72.86; H, 9.39; N, 11.29. 
Found: C, 72.46; H, 9.4; N, 10.9% 
30 NMR (300 MHz, DMSO) 5: 8.44 (d, J = 7.8 Hz, IH), 7 5-7 65 (m 2m 
7.46 (dd, J = 7.8, 1.2 Hz, IH), 7.32 (m, IH), 4.95 (d J = 8 Hz m) 

(rn^lH). ^ 1H)> (S ' 3H) ' 2 (S ' 3H> ' h95 - 21 ^ ^ 
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EXAMPLE 8 

N-[2,3-Dihydro-l-methyl-2-oxo-5-(N-cyclohexyl-N-methylamino)- 
lH-1.4-benzo-diazepin-3-yl1-4-phenylbutanamide 

5 

m.p. 140-141°C. 

Anal. Calcd. for C27H34N4O2 0.7 Water 

C, 70.62; H, 7.77; N, 12.2. 
Found: C, 70.58; H, 7.54; N, 12.11%. 

10 

NMR (300 MHz, DMSO) 5: 8.52 (d, J = 8.1 Hz, 1H), 7.1-7.6 (m, 9H), 
4.97 (d, J = 9.1 Hz, 1H), 3.1-3.45 (m, 1H), 3.26 (s, 3H), 2.64 (s, 3H), 
2.52 (m, 2H), 2.10-2.30 (m, 2H), 0.9-1.9 (m, 12H). 

15 EXAMPLE 9 

(±)-N-[2,3-Dihydro- 1 -methyl-2-oxo-5-(N-cyclohexyl-N-methyl- 
amino)-lH-1.4-benzo-diazepin -3-vn-3-cvclohexvlpropanamide 

20 m.p. 170-171 °C. 

Anal. Calcd. for C26H38N4O2 0.55 EtOAc 0.5 cyclohexane: 

C, 70.81 ;H, 9.22; N, 10.59. 
Found: C, 70.88; H, 9.2; N, 10.55%. 

25 NMR (300 MHz, DMSO) 5: 8.46 (d, J = 8.1 Hz, 1H), 7.28-7.65 (m, 
4H), 4.95 (d, J = 8.1 Hz, 1H), 3.1-3.4 (m, 1H), 3.26 (s, 3H), 2.64 (s, 
3H), 2.17 (t, J = 7.1 Hz, 2H), 0.7-1.9 (m, 23H). 

EXAMPLE 10 

30 

(±)-N-[2,3-Dihydro-l-methyl-2-oxo-5-(N,N-diethylamin.o)-lH-l,4- 
benzodiazepin-3-vn-5-phenvlpentanamide 

m.p. 134-135°C. 
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Anal. Calcd. for C25H32N4O2, 0.25 H 2 0: 

C, 70.64; H, 7.71; N, 13.18. 
Found: C, 70.7; H, 7.94; N, 13.16%. 



5 NMR (300 MHz, DMSO) 8: 8.48 (d, J = 8.1 Hz, 1H), 7.1-7.6 (m 9H) 
4.97 (d, J = 8.1 Hz, 1H), 3.25-3.4 (m, 2H), 3.27 (s, 3H), 2.95-3.1 (m,' 
2H), 2.53 (t, J = 7.1 Hz, 2H), 2.20 (t, J = 7.1 Hz, 2H), 1.4-1.6 (m, 4H) 
0.97 (t, J = 7.1 Hz, 6H). 



1° EXAMPLE 1 1 

(±)-N-[2,3-Dihydro- 1 -methyl-2-oxo-5-(N,N-diethylamino)-lH-l ,4- 
benzodiazemn-3-vl1-?.- c V clohexv1 a rgt am ^ - 

15 m.p. 192-193°C. 

Anal. Calcd. for C22H32N4O2, 0.9 H2O: 

C, 65.93; H, 8.5; N, 13.98. 
Found: C, 65.91; H, 7.9; N, 14.05%. 



20 NMR (300 MHz, DMSO) 8: 8.43 (d, J = 8.1 Hz, 1H), 7.2-7 65 (m 4H) 
4.96 (d, J = 8.1 Hz, 1H), 3.2-3.3 (m, 2H), 3.27 (s, 3H), 2.9-3.1 (ni, 2H) 
1.95-2.1 (m, 2H), 0.8-1.7 (m, 17H). 



EXAMPLR 19 

25 

(±)-N-[2,3-Dihydro-l -methyl-2-oxo-5-(N,N-diethylamino)-lH-l ,4- 
benzodiazenin-3-vn-3-r. yclohexvlpro D anamiHp. 

m.p. 209-210°C. 
30 Anal. Calcd. for C23H34N4O2: 

C, 69.31; H, 8.6; N, 14.06. 
Found: C, 69.38; H, 8.69; N, 13.69%. 
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NMR (300 MHz, DMSO) 5: 8.45 (d, J = 8.1 Hz, 1H), 7.2-7.65 (m, 4H), 
4.96 (d, J = 8.1 Hz, 1H), 3.2-3.4 (m, 2H), 3.27 (s, 3H), 2.9-3.1 (m, 2H), 
2.17 (t, J = 7.3 Hz, 2H), 0.7-1.7 (m, 19H). 

5 By using hexahydroazepine in place of N-methylcyclo- 

hexylamine, and the appropriate acid the following compounds were 
prepared using the processes substantially as described in Example 1. 

EXAMPLE 13 

10 

N-[2,3-Dihydro-l-methyl-2-oxo-5-(hexahydroazepin-l-yl)-l 

H-l .4-ben7odiazepin- 3-vn-2-cvclohexv1 acetamiHe. 

m.p. 205-207°C. 
1 5 Anal. Calcd. for C24H34N4O2. 0.25 H2O 
C, 70.21; H, 8.35; N, 13.65. 
Found: C, 69.44; H, 8.38; N, 13.50%. 

NMR (300 MHz, CD3OD) 5 0.95-2.83 (m, 19H), 2.08 (m, 2H), 3.41 
20 (m, 4H), 4.94 (s, 3H), 5.09 (d, 1H), 7.29-7.63 (m, 4H). 

EXAMPLE 14 

(+)-3-cyclohexyl-N-[2,3-Dihydro-l-methyl-2-oxo-5-(hexahydro- 
25 azepin-l-vn-lH1.4-ben7 odiazeDin-3-vn P roDanamidp. 

m.p. 100-102°C. 

Anal. Calcd. for C25H36N4O2.HCI, 0.50 H2O; 0.30 EtOAc: 
C, 63.38; H, 8.2; N, 11.28. 
30 Found: C, 63.36; H, 8.09; N, 1 1 .3%. 

8: 8.54 (d, J = 9.0 Hz, 1H), 7.79-7.74 (m, 1H), 7.54 (d, J = 7.8 Hz, 1H), 
7.49-7.40 (m, 2H), 5.69 (dd, J = 9.0, 5.6 Hz, 2H), 4.55-4.4 (m, 1H), 
4.20-4.00 (m, 1H), 3.54-3.49 (m, 2H), 3.46 (s, 3H), 2.47-2.41 (m, 2H) 
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2.09-1.97 (m, 5H), 1.82-1.51 (m, 10H), 1.28-1.12 (m, 4H), 0.93-0.85 
(m, 2H). 

By using N-methylbeiizylamine in place of N-methylcyclo- 
5 hexylamine, and the appropriate acid, the following compounds were 
prepared using the processes substantially as described in Example 1. 

EXAMPLE 15 

i o N-[2,3-Dihydro-l -methyl-2-oxo-5-(N,N-dimethy lamino)-lH-l ,4- 

benzodiazepin-3-vn- 3-cvclohexvlpropanamirip 

m.p. 1 97.5-1 98°C. 

15 Anal. Calcd. for C21H30N4O2.O.O5 

C, 68.08; H, 8.16; N, 15.12. 
Found: C, 67.91; H, 8.17; N, 14.95%. 

NMR (300 MHz, CDCI3) 5 0.81-1.77 (m, 13H), 2.30 (m, 2H), 2.86 (s, 
20 6H), 3.21 (s, 3H), 5.26 (d, 1H), 6.99 (d, 1H), 7.22-7.52 (m, 4H) 

2,3-Dihydro-l-benzyl-2-oxo-lH-l,4-benzodiazepine-2,5- 
dione was prepared from N-benzylisatoic anhydride (Transworld 
Chemicals) and glycine using the method described by Bock et .al., J. 
25 Org. Chem. 52:1644, (1987). This was then reacted with 

dimethylamine in place of the N-methyl cyclohexylamine, and the 
appropriate acid substantially as described above in Example 1 to give 
the following compounds: 

30 EXAMPLE 16 

N-[2,3-Dmydro-l-propyl-2-oxo-5-(N,N-dimethylamino)-lH-l ,4- 
benzodiaze pin-3-vn-2-cvclohexvlacetanide 
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m.p. 196-197°C 

Anal. Calcd. for C22H32N4O2: 

C, 68.72; H, 8.39; N, 14.57. 
Found: C, 68.54; H, 8.31; N, 14.44%. 

NMR (300 MHz, DMSO) 8: 0.59-2.12 (m, 16H), 2.78 (m, 2H), 3.32 (5, 
6H), 3.58 (m, 1H), 4.19 (m, 1H), 4.95 (d, 1H), 7.30-7.62 (m, 4H), 8.46 



Additional compounds which can be used to selectively blockade the DCs 
channel also include for example: 

EXAMPLE 17 



20 




(E)-(+)-N-[(3R)-2,3-Dihydro-l-methyI-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin-3-vll-3-phen yl-2-propp.namide 

A solution of (E)-3-phenyl-2-propenoyl chloride (367 mg 
2.2 mmol) in methylene chloride (1 mL) was added to a solution of 

3(R)-amino-l,3-dihydro-l-methyl-5-phenyl-2H-l,4-benzodiazepin-2- 
one (/. Org. Chem. 1987, 52:3232-3239) (531 mg, 2.0 mmol) and 
tnethylamine (307 \iU 225 mg, 2.2 mmol) in methylene chloride (10 
mL). The mixture was stirred at room temperature for 25 min. and the 
solvent was evaporated under reduced pressure. The residue was 
purified by flash column chromatography on silica gel, eluting with 
CH2C12/Et20 (95:5) and the residue was triturated with Et20. The 
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solid was collected and dried in vacuo at 70°C to give (E)-(+)-N-[(3R)- 
2,3-dihydro- 1 -methyl-2-oxo-5-phenyl-lH- 1 ,4-benzodiazepin-3-yl]-3 - 
phenyl-2-propenamide as a colorless solid (170 mg, 21 %), m.p. 140- 
142°C, [a]D +86.7° (c=0.173, CH2C12). 
5 8 H (CDCI3) 7.70-7.26 (16H, m), 6.63 (1H, d, J 15.6 Hz), 5.68 (1H, d, J 
8.3 Hz), and 3.50 (3H, s). 
Anal. Calcd. for C25H21N3O2.O.I5 (C2H5)20: 

C, 75.63; H, 5.58; N, 10.33. 
Found: C, 75.29; H, 5.57; N, 10.33%. 

10 

Employing the procedure substantially as described above, 
but substituting an appropriate acid chloride for the (E)-3-phenyl-2- 
propenoyl chloride, the following compounds were prepared: 



EXAMPLE IS 



20 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin-3-vllbenzamide 

m.p. 224-225°C, [a]D +89.2° (c = 0.141, CH2CI2). 

8 H (CDCI3) 8.04 (1H, d, J 8.1 Hz), 7.96 (2H, d, J 6.8 Hz), 7.64-7.36 

(10H, m), 7.27 (2H, t, J 7.6 Hz), 5.74 (1H, d, J 7.8 Hz), and 3.51 (3H, 

s). 

Anal. Calcd. for C23H19N3O2.O.2OH2O: 
C, 74.06; H, 5.24; N, 11.26. 
Found: C, 74.13; H, 5.12; N, 11.16%. 
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EX AMPLE 19 



5 




First diastereoisomer to elute: 

(-)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 

diazepin-3-vll(trans-2-phenvl-l-cvclopropane)carboxamide 

15 m.p. 180-181°C, [a]D -155.8° ( c = 0.434, CH2CI2). 

5h (CDCI3) 7.62-7.09 (15H, m), 5.59 (1H, d, J 8.1 Hz), 3.47 (3H, s), 
2.52-2.45 (1H, m), 1.90-1.84 (1H, m), 1.69- 1.56 (1H, m), and 1.38-1.32 
(1H, m). 

Anal. Calcd. for C26H23N3O2.O.25H2O: 
20 C, 75.43; H, 5.72; N, 10.15. 

Found: C, 75.38; H, 5.64; N, 9.94%. 

Second diastereoisomer to elute: 

(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
25 diazepin-3-vll('trans-2-phenvl-l-cvclopropane , )carboxamide 

m.p. 104-107°C, [a]D +328.2° (c = 0.098, CH2CI2). 

5h (CDCI3) 7.62-7.13 (15H, m), 5.60 (1H, d, J 8.3 Hz), 3.48 (3H, s), 

2.59-2.54 (1H, m), 1.93-1.87 (1H, m),1.62-1.56 (1H, m, overlaps with 

water), and 1.33-1.25 (1H, m). 
30 Anal. Calcd. for C26H23N3O2.O.5OH2O.O.45PI1CH3: 
C, 76.13; H, 5.95; N, 9.14. 

Found: C, 76.10; H, 5.94; N, 9.17%. 
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(+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl-l H-l ,4--benzo- 

diazepin-3 -vn-1H-indole-2-carhnxamidp. 

5 m.p. 167-177°C, [a]D +1 13° (c = 1.103, CH2CI2) 

5 H (CDCI3) 9.15 (1H, br s), 8.10 (1H, d, J 9.0 Hz), 7.75-7.10 (14H, m), 

5.75 (1H, d, J 9.0 Hz), and 3.50 (3H, s). 

Anal. Calcd. for C25H20N4O2: 

C, 73.51; H, 4.94; N, 13.72. 
10 Found: C, 73.31; H, 4.80; N, 13.62%. 



EXAMPLE 21 



15 




20 

(+)-N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl-lH- 1 ,4-benzo- 
diazepin-3-yl]heptanamide 
m.p. 49-54°C, [a]D +69.5° (c=1.000, MeOH). 
Anal. Calcd. for C23H27N3O2.O.4OH2O: 
25 C, 71.81; H, 7.28; N, 10.92. 

Found: C, 71.90; H, 7.09; N, 10.85%. 



30 
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EXAMPLR 22 



5 




1 P 



o 



io (+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3 -vnhexanamide 

[a]D +72.6° (c=0.920, MeOH). - ~ 

Anal. Calcd. for C22H25N3O2: 

C, 72.70; H, 6.93; N, 11.56. 

is Found: C, 72.44; H, 6.75; N, 11.25%. 



(+)-N-[(3R)-2 ) 3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin- 3-vnpentanamiHp. 

[a]D +68.2° (c=l .3 1 0, MeOH). 

Anal. Calcd. for C21H23N3O2.O.25CHCI3: 

C, 68.21; H, 6.26; N, 11.26. 

Found: C, 68.2; H, 6.29; N, 11.17%. 



EXAMPLE 23 



20 




25 
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CH 3 



5 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-pheny]-lH-l,4-benzo- 
diazepin-3 -vn-3-phenvlpropanamidp. 

Oxalyl chloride (158 uL, 230 mg, 1.81 mmol) was added 
to a mixture of 3-phenylpropanoic acid (249 mg, 1.66 mmol) and DMF 
(1 drop) in THF (10 mL) and the mixture was stirred at room 
temperature for 40 min. 3(R)-Amino-l,3-dihydro-l-methyl-5-phenyl- 
2H-l,4-benzodiazepin-2-one (/. Org. Chem. 1987,52:3232-3239) (400 
mg, 1.51 mmol) and triethylamine (252 nL, 183 mg, 1.81 mmol) were 
added and the mixture was stirred at room temperature for 18 h. The 
mixture was poured into saturated aqueous sodium hydrogen carbonate 
(20 mL) and extracted with ethyl acetate (3 x 20 mL). The combined 
organic fractions were dried (Na2S04) and the solvent was evaporated 
under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with CH2Cl2/Et20 (95:5) and the 
residue was recrystallized from toluene/hexane to give (+)-N-[(3R)-2,3- 
dihydro-l-methyl-2-oxo-5-phenyl-lH-l ,4-benzodiazepin-3-yl]-3- 
phenylpropanamide as a colorless solid (380 mg, 63%) m p 179°C 
[oc]D +100.4° (c = 0.225, CH2CI2). 

5 H (CDCI3) 7.62-7.57 (2H, m), 7.47-7.21 (13H, m), 5.54 (1H, d, J 8.1 
Hz), 3.47 (3H, s), 3.03 (2H, t, J 7.8 Hz), and 2.73-2.67 (2H, m). 
Anal. Calcd. for C25H23N3O2.O.I5H2O: 
C, 75.04; H, 5.87; N, 10.50. 
Found: C, 75.06; H, 5.78; N, 10.55%. 
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Employing the procedure substantially as described above, 



but substituting an appropriate carboxylic acid for the 3-phenyl- 
propanoic acid, the following compounds were prepared: 



E-(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 

diazepin-3 -vn-3-f3.4-dichlorophenvlV2-propenamide 

m.p. 145-147°C, [a]D +77.8° (c=0.126, CH2CI2). 

8h (CDCI3) 7.64-7.25 (14H, m), 6.61 (1H, d, J 15.6 Hz), 5.65 (1H, d, J 

8.0 Hz), and 3.50 (3H, s). 

Anal. Calcd. for C25H19N3O2CI2: 

C, 64.67; H, 4.12; N, 9.05. 
Found: C, 64.57; H, 4.25; N, 9.01%. 



EXAMPLE 25 




CK 



EXAMPLE 26 




E-(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 
diazepin-3-vll-3-(2.4-di chlorophenvn-2-prop ftnaTmHp 
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m.p. 137-139°C, [cc]d +66.0° (c=0.144, CH2CI2). 

5H (CDCI3) 8.02 (1H, d, J 15.6 Hz), 7.73-7.26 (13H, m), 6.66 (1H, d, J 

15.6 Hz), 5.81 (1H, d, J 8.8 Hz), and 3.53 (3H, s). 

Anal. Calcd. for C25H1 9CI2N3O2: 

C, 64.67; H, 4.12; N, 9.05. 
Found: C, 64.28; H, 4.24; N, 8.83%. 



E-(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 

diaZepin-3-vll-3-r4.mftth Y lDhenvn-2- r ro D enamiHfi 

m.p. 133-135°C, [cc]d +90.4° (c=0.125, CH2CI2). 

6 H (CDCI3) 7.68-7.19 (15H, m), 6.59 (1H, d, J 15.6 Hz), 5.70 (1H d J 

8.0 Hz), 3.50 (3H, s), and 2.38 (3H, s). 

Anal. Calcd. for C26H23N3O2: 

C, 76.26; H, 5.66; N, 10.26. 
Found: C, 75.93; H, 5.82; N, 10.10%. 



EXAMPLE 27 



15 



10 




EXAMPLE 28 
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E-(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 

diazepin-3 -vn-3-f4-methoxvphenvlV2-propenamirie. 

m.p. 129-133°C, [a]D +89.9° (c 0.188, CH2CI2). 
8h (CDCI3) 7.65-7.24 (14H, m), 6.92 (1H, d, J 8.8 Hz), 6.50 (1H, d, J 
5 15.6 Hz), 5.69 (1H, d, J 8.0 Hz), 3.84 (3H, s), and 3.50 (3H, s).. 
Anal. Calcd. for C26H23N3O3.O.3OH2O: 

C, 72.48; H, 5.52; N, 9.75. 
Found: C, 72.75; H, 5.60; N, 9.36%. 



(+)-5-Chloro-N-[(3R)-2,3-dihydro-l -methyl-2-oxo-5-phenyl-l H-l ,4- 

benzodiazepin-3-vnindole-2-carboxamide 

m.p. 160-164°C, [a]D +103.8° (c = 0.160, CH2CI2). 

8 H (CDCI3) 9.71 (1H, br s), 8.13 (1H, d, J 7.8 Hz), 7.68-7.09 (13H, m), 

5.75 (1H, d, J 7.8 Hz), and 3.53 (3H, s). 

Anal. Calcd. for C25H19CIN4O2.O.25H2O.O.I5PI1CH3: 

C, 67.84; H, 4.49; N, 12.15. 
Found: C, 67.80; H, 4.41; N, 12.07%. 



10 



EXAMPLE 29 




30 
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EX AMPLE 30 




(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 

di azepin-3-vn-2.2-dip hp.n vlethanaimHe 

m.p. 200-201°C, [a]D +97.0° (c = 0.168, CH2CI2) 

5 H (CDCI3) 7.60-7.22 (20H, m), 5.58 (1H, d, J 8.1 Hz), 5.08 (1H 

and 3.44 (3H, s). 

Anal. Calcd. for C30H25N3O2.O.I5PI1CH3: 

C, 78.79; H, 5.55; N, 8.88. 
Found: C, 78.81; H, 5.63; N, 9.07%. 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin-3-vn-2-phe.n ylethanaiTiirte ' 

m.p. 241-242°C (dec), [a]D +85.5° (c = 0.159, CH2CI2) 

6 H (CDCI3) 7.59-7.55 (3H, m), 7.46-7.22 (12H, m), 5.51- (1H d J 

8.1Hz), 3.72 (2H, s), and 3.44 (3H, s). 



EXAMPLE 31 



20 



25 
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Anal. Calcd. for C24H21N3O2.O.55H2O: 
C, 73.28; H, 5.66; N, 10.68. 
Found: C, 73.25; H, 5.38; N, 10.47%. 



EXAMPLE 32 



10 




1S (+)-3-Cyclohexyl-N-[(3R)-2,3-dihydro- 

1.4-benz odiazepin-3-vnpropanamide 

m.p. 144.5-145.5°C, [a]D +83.1° (c = 0.1 16, CH2CI2). 
5 H (CDC13) 7.62-7.56 (3H, m), 7.46-7.21 (7H, m), 5.55 (1H, d, J 8.3 
Hz), 3.48 (3H, s), 2.41-2.36 (2H, m), 1.77-1.58 (7H, m), 1.31-1.16 (4H, 
m), and 0.98-0.90 (2H, m). 

20 Anal. Calcd. for C25H29N3O2: 

C, 74.41; H.7.24; N, 10.41. 
Found: C, 74.46; H, 7.27; N, 10.58%. 

EXAMPLES 



30 
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(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-ben2o- 

diazepin- 3-vl1-3-(4-cvanophenvnpropanamide 

m.p. 81-85°C, [a]D +91.0° (c = 0.1 1 1 , CH2CI2). 
5h (CDCI3) 7.64-7.55 (4H, m), 7.48-7.16 (10H, m), 5.50 (1H, d, J 8.3 
5 Hz), 3.47 (3H, s), 3.08 (2H, t, J 7.6 Hz), and 2.74-2.69 (2H, m). 
Anal. Calcd. for C26H22N4O2.O.6OH2O.O.5OPI1CH3: 

C, 73.93; H, 5.62; N, 11.69. 
Found: C, 73.98; H, 5.61; N, 11.71%. 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vn-3-(3-ch lorophenv1>propanamide 

m.p. 157-159°C, [a]D +90.7° (c = 0.134, CH2CI2). 
5 H (CDCI3) 7.62-7.57 (3H, m), 7.47-7.12 (11H, m), 5.53 (1H, d, J 8.1 
Hz), 3.47 (3H, s), 3.00 (2H, t, J 7.3 Hz), and 2.71-2.66 (2H, m). 
Anal. Calcd. for C25H22CIN3O2.O.55H2O: 

C, 67.96; H, 5.27; N, 9.51. 
Found: C, 67.99; H, 5.18; N, 9.26%. 



10 



EXAMPLE 34 



15 




30 
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EXAMPLE 35 



5 




E-(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4-benzo- 

diazepin-3-yn-3-f3-bromophenylV2-propenamide 

m.p. 221-223 d°C, [a]D +65.5° (c = 0.206, CH2CI2). 
8h (CDCI3) 7.69 (1H, br s), 7.64-7.57 (4H, m), 7.51-7.37 (6H, m), 
15 7.29-7.19 (4H, m), 6.62 (1H, d, J 15.6 Hz), 5.66 (1H, d, J 8.1 Hz), and 
3.50 (3H, s). 

Anal. Calcd. for C25H20BrN3O2.0.35H2O.0.20PhCH3: 

C, 63.54; H, 4.46; N, 8.42. 
Found: C, 63.50; H, 4.39; N, 8.42%. 

20 



EXAMPLE 36 



25 




30 

(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-yl1-4-phenvlbutanamide 

m.p. 65-74°C, [a]D +77.4° (c = 0.155, CH2CI2). 
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Sh (CDCI3) 7.62-7.56 (3H, m), 7.46-7.19 (12H, m), 5.55 (1H, d, J 8.1 
Hz), 3.47 (3H, s), 2.71 (2H, t, J 7.6 Hz), 2.42-2.37 (2H, m), and 2.09- 
2.01 (2H, m). 

Anal. Calcd. for C26H25N3O2.O.3OH2O: 
C, 74.91; H, 6.19; N, 10.08. 
Found: C, 74.93; H, 6.05; N, 10.07%. 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-yn-3-(3-cvanophenvI > )propanamide __ 

m.p. 110-1 12°C, [a]D +84.2° (c = 0.202, CH2CI2). 
8h (CDCI3) 7.63-7.22 (14H, m), 5.51 (1H, d, J 8.1 Hz), 3.47 (3H, s), 
3.06 (2H, t, J 7.8 Hz), and 2.74-2.68 (2H, m). 
Anal. Calcd. for C26H22N4O2.O.5OH2O: 
C, 72.37; H, 5.37; N, 12.98. 
Found: C, 72.52; H, 5.12; N, 12.59%. 



EXAMPLE 37 



15 



10 




25 



EXAMPLE 38 



30 
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(+)-N-[(3R)-2,3-Dihydro-l-raethyl-2-oxo-5-phenyl-lH-l,4-benzo- 
,diazepin-3-vn-4-methvl P ftnt a n a miHA 

m.p. 123-125°C, [a]D +66.8° (c=0.500, MeOH). 

Anal. Calcd. for C22H25N3O2.O.45H2O: 

C, 71.12; H, 7.03; N, 11.31. 

Found: C, 71.08; H, 6.81; N, 11.42%. 

EXAMPLE 39 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin-3-vn-2.3-dihvdmhenzofur a n-?-r a rhnv^^^ 

Diisopropylethylamine (0.3 mL, 223 mg, 1.72 mmol) was 
added to a stirred, cooled (0°C) solution of 3(R)-amino-l,3-dihydro-l- 
methyl-5-phenyl-2H-l,4-benzodiazepin-2-one (/. Org. Chem 1987 
52:3232-3239) (400 mg, 1.5 mmol), 2,3-dihydrobenzofuran-2- 
carboxylic acid (274 mg, 1.7 mmol), l-(3-dimethylaminopropyl)-3- 
ethylcarbodi-imide hydrochloride (583 mg, 3.0 mmol), and 1- 
hydroxybenzotriazole (479 mg, 3.1 mmol) in DMF (4 5 mL) The 
mixture was stirred at room temperature for 18 h., poured into aqueous 
hydrochloric acid (3M, 12 mL) and extracted with ethyl acetate (3 x 20 
mL). The combmed organic fractions were washed with saturated 
aqueous sodium hydrogen carbonate (20 mL) and brine (20 mL), dried 
(MgS04) and evaporated under reduced pressure. The residue was 
crystallized from 2-chloro-2-methyl-propane/hexane to give (+)-N- 

[(3R)-2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3- 
yfJ-2 3-dmydix>benzomran-2-carboxainide as a colorless solid (156 me 
25%), m.p. 141-180°C, [a] D +127.1° (c=0.425, CHCI3). 
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8h (CDCI3) (3:1 Mixture of diastereoisomers) 8.44 (1H, m), 7.65-6.91 
(13H, m), 5.52 (1H, m), 5.28 (1H, m), and 3.70-3.40 (5H, m). 
Anal. Calcd. for C25H21N3O3.O.25 Hexane 
C, 73.50; H, 5.70; N, 9.71. 
5 Found: C, 74.12; H, 5.57; N, 9.71%. 



EXAMPT .F. 4fl 

Although not a pure IKs inhibitor, the synthesis of (+)-N- 
10 [(3R)-2,3-dihydro-l-methyl-2-oxo-5-phenyI-lH-l,4-benzo-diazepin-3- 
yl]-l '-(1 ,1 -dimethylethoxycarbonyOspiroCcyclohexan^^'-piperidine)- 
1-carboxamide illustrates a procedure for preparing other compounds 
which are active. 

15 Step A : 

EtQ 2 C CQ 2 Et 



20 



25 



30 




Diethyl 1 - henzvlpipp.ridine-4 4-diar^tat^ 

Ethanol (120 mL) was cooled in ice and ammonia bubbled 
through to give a saturated solution. l-Benzyl-4-piperidone (40.0 g, 
21 1 mmol) and ethyl cyanoacetate (47.8 g, 423 mmol) were added, the 
reaction vessel stoppered and stored at 0°C overnight. The solid was 
collected, washed with ethanol and ether and dried in vacuo to give a 
yellow solid (68.86 g). The solid (58.86 g) was dissolved in a mixture 
of sulfuric acid (70 mL, 98%) and water (60 mL) and heated under 
reflux for three days the mixture cooled and most of the water 
evaporated. The residue was azeotroped with ethanol (4x750 mL), 
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further ethanol (500 niL) added and the mixture heated under reflux for 
20h, cooled in ice and sodium carbonate (100 g) added slowly with 
vigorous stirring. The ethanol was evaporated under reduced pressure, 
water (800 mL) added and the mixture extracted with methylene 
chloride (3x400 mL). The combined organic extracts were dried 
(Na2S04) and the solvent evaporated to give Diethyl 1- 
benzylpiperidine-4,4-diacetate (37.51 g). A small portion of this was 
purified by flash column chromatography. 



10 NMR (300 MHz, CDC13) 5: 7.2-7.4 (m, 5H), 4.1 1 (q, J=7.3Hz,4H), 3.50 
(s, 2H), 2.56 (s, 4H), 2.4 (m, 4H), 1.7 (m, 4H), 1.24 (t, J=7.3Hz, 6H). 



Step B : 



15 




1 -Benzvlpjperidine-4.4-diethanoI 

A solution of the diester (12.2 g, 35 mmol) in ether (25 
mL) was added to a cooled (-30°C) and stirred suspension of LiAlH4 
(2.1 g, 55 mmol) in ether (400 mL), under argon. THF (60 mL) was 
added and the reaction mixture allowed to warm to room temperature. 
After recooling to 0°C, water (2.2 mL), 1M NaOH (4.4 mL) and water 
(5 mL) were added, the reaction mixture stirred vigorously for 30 min 
and the solid filtered off, washing well with ether. The combined 
filtrates were evaporated to afford a white solid which was tritutrated 
with ether to give 8 g of l-benzylpiperidine-4,4-diethanol. 

m.p. 75-78°C 

NMR (300 MHz, CDCI3) 6: 7.2-7.4 (m, 5H), 3.7 (t, J = 6.8 Hz, 4H), 
3.52 (s, 2H), 2.7 (brs, 2H), 2.43 (m, 4H), 1.66 (t, J = 6.8 Hz, 4H), 1.5 
(m, 4H). 
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Step C : 



HO. 



~7T 

N 



OH 



BOC 



10 



15 



20 



25 



l-t-Butoxycarbonvlpip eridine-4.4-riip.thann1 

The benzylamine (2.07 g, 7.9 mmol) was dissolved in 
methanol (60 mL), BOC 2 0 (1.72 g, 7.9 mmol) added and the mixture 
hydrogenated at 50 psi over 10% palladium hydroxide on charcoal (200 
mg) for 18 hours. The reaction mixture was filtered through celite, 
washed with methanol and the filtrate evaporated to give 1-t-Butoxy- 
carbonylpiperidine-4,4-diethanol (2.0 g). 



NMR (300 MHz, CDC1 3 ) 8: 3.7 (m, 4H), d 3.3 (m, 6H), 1.65 (t, J = 6.8 
Hz, 4H), 1.41 (s,9H). 



l-t-Butoxycarhonvlpiperidin P -4.4-dieth a nr,l h^ me th an pcnifn,^ } 
The diol (2.41 g, 8.9 mmol) was dissolved in dichloro- 
methene (50 mL), the solution cooled to -20°C under argon before 
addition of triethylamine (3.7 mL, 26 mmol) and methanesulfonyl 
chloride (1.6 mL, 20 mmol). After 30 min., the reaction mixture was 
poured into ice cold 10% citric acid and extracted with ether (X3). The 
combmed extracts were washed with water, saturated NaHC03 and 
brine, dried (MgS04) and the solvent evaporated to afford 1-t-Butoxy- 
carbonylpiperidine-4,4-diethanol, bis(methanesulfonate) (3.2 g). 




WO 95/14470 PCT/US94/13364 



-56- 



NMR (300 MHz, CDCI3) 6: 4.32 (t, J = 7.1 Hz, 4H), 3.4 (m, 4H), 3.04 
(s,6H), 1.89 (t,J = 7.1 Hz,4H). 

5 Step E : 



10 




I 

BOC 

Diethyl 3-t-butvl oxvcarbonvl-3-azaspiror5.51undecane-9.9-dicarboxvlate 
15 To a slurry of 60% NaH (2.04 g, 0.51 mole) in toluene 

(160 mL), under argon, was slowly added diethyl malonate (3.72 mL, 
24.3 mmol). The mixture was cooled to 0°C and the bis-mesylate 1 (7.0 
g, 16.3 mmol) added as a solid and the mixture heated to reflux for 18 
hours. The reaction was quenched into 10% citric acid (100 mL) and 
20 the product extracted with CH2CI2 (2x150 mL). The extracts were 
dried (Na2S04), concentrated to an oil, and chromatographed on silica 
to give 3.83 g (60%) of diethyl 3-t-butyloxycarbonyl-3-azaspiro- 
[5.5]undecane-9,9-dicarboxylate. 

25 1H NMR (CDCI3) 5: 1.22 (t, 6H), 1.4 (s, 9H), 2.0 (m, 4H), 3.35 (m, 
4H), 4.2 (q, 4H). 



30 
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Step F : 



COOH 



5 




N 



BOC 



3-t-Butyloxycarfaonvl-3-azaspiror5.51undecane-9-carboxylic acid 

To a solution of the diester 2 (3.69 g, 0.0093 m) in THF 
(50 mL) was added IN LiOH (47 mL). The reaction was stirred for 3 
days at 25°C, diluted with water (50 mL) and pH adjusted to 2.2 with 
KHSO4. The product was extracted into ethyl acetate (2x75 mL), dried 

15 (Na2S04), and concentrated to a foam (3.5 g). The solid was melted in 
a flask at 140°C for 2 hours, cooled and the oil dissolved in THF (15 
mL), IN LiOH (10 mL) added and mixture stirred overnight at 30°C. 
The reaction was concentrated to remove THF, diluted with water (20 
mL) and washed with diethyl ether (10 mL). The pH was adjusted to 

20 2.5 with KHSO4 and product extracted (3x50 mL) with ethyl acetate. 
The extracts were dried (Na2S04), filtered and concentrated to yield 3- 
t-Butyloxycarbonyl-3-azaspiro[5.5]undecane-9-carboxylic acid as a 
foam (2.48 g, 90%). 

25 1H NMR (CDCI3, partial) 8: 1.45 (s, 9H), 3.4 (m, 4H). 



Step G : 



30 




N-C-O-C-CH 
'II I 
O CH 3 



?H 3 
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(+)-N-[(3R)-2,3-Dihydro-l -methyl-2-oxo-5-phenyl-l H- 1 ,4-benzo- 
diazepin-3-y]]-l '-(1 ,1 -dimethylemoxycart>onyl)spiro(cyclohexan-4,4'- 

piperidine Vl -carhmramiH«> ' 

m.p. 135-138°C, [a]D +58.8° (C=0.925, CHCI3). 
5 H (CDCI3) 7.61-7.23 (10H, m), 5.54 (1H, d, J 9.0 Hz), 3.47 (3H, s), 
3.37 (4H, m), 2.28 (1H, m), and 1.81-1.18 (21H, s). 
Anal. Calcd. for C32H40N4O4: 

C, 70.56; H, 7.40; N, 10.29. 
Found: C, 70.21; H, 7.40; N, 10.16%. 

Employing the procedure substantially as described in 
Example 43 but substituting an appropriate acid for the 2,3-dihydro- 
benzofuran-2-carboxylic acid, the following compounds were prepared: 

15 EXAMPLE 41 

O 



10 



20 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
25 diazepin-3-vn-3-ffiiran- 2-vnprop anamiHp ' 

m.p. 115-118°C, [cc]d +65.8° (c=0.800, CHCI3). " 
S H (CDCI3) 7.62-7.26 (11H, m), 6.28 (1H, dd, J 3.2, 2.0 Hz) 6 08 (1H 
dd, J 3.2, 0.7 Hz), 5.58 (1H, d, J 8.1 Hz), 3.48 (3H, s), 3.04 (2H t J 7 6 
Hz),and2.75(2H,m). ' ' " 

30 Anal. Calcd. for C23H2lN3O3.0.3Hexane: 
C, 72.07; H, 6.15; N, 10.17. 
Found: C, 71.78; H, 6.30; N, 9.77%. 
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EXAMPLE 42 



5 




10 

(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-pheny]-lH-l,4-benzo- 
diazepin-3-vl]cvc1ohp. xvlcarhoxamiHp 

m.p. 213-214°C, [a]D +62.4° (c=1.000, MeOH). 

Anal. Calcd. for C23H24N3O2: 

15 C, 73.77; H, 6.46; N, 11.22. 

Found: C, 73.86; H, 6.81; N, 11.15%. 



EXAMPLE 




(E)-(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-ben2o- 

diazepin- 3-yn-3-(3,4-methvlenedioxvphenvn-2-p m pf >n a miHA 

m.p. 143-145°C, [a]D +62.3° (c=0.960, MeOH). 
Anal. Calcd. for C25H2lN3O4.0.10H2O.0.20Et2O: 

C, 69.78; H, 5.27; N, 9.46. 
Found: C, 69.78; H, 4.98; N, 9.28%. 
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EXAMPLR 44 

(+)-N-[(3R)-2,3-Dmydro-2-methyl-2-oxo-5-pheny 
diazepin-3-vn-2-(phenv1 amino^acp.tamiH P 

Step A : 



10 




N-[(3R)-2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl-l H-l ,4-benzo- 

diazepin-3 -vl1-2-hrnmoacetamirift 

Bromoacetyl bromide (165 nL, 383 mg, 1.9 mmol) was 
added to an ice cooled solution of 3(R)-amino-l ,3-dihydro-l-methyl-5- 
phenyl-2H-l,4-benzodiazepin-2-one (J. Org. Chem. 1987, 52:3232- 
3239) (500 mg, 1.88 mmol) and triethylamine (264 \iL, 192 mg, 1.9 
mmol) in methylene chloride (10 mL) and the mixture was stirred at 
room temperature for 1 h. The mixture was washed with water (3 x 10 
mL), dried (MgS04) and the solvent was evaporated under reduced 
pressure to give N-[(3R)-2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl]-2-bromoacetamide as a colorless foam (760 me ' 
100%). 6 ' 

8 H (CDC1 3 ) 8.24 (1H, d, J 7.8 Hz), 7.64-7.24 (9H, m), 5.48 (1H, d J 
7.8 Hz), 4.00 (2H, m), and 3.50 (3H, s). 
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StepB : 




;...N-C-CH 2 -NH-^J 
HO 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 
diazepin-3-vll-2-rphe nvlamino^acetamide 

Aniline (297 p.L, 304 mg, 3.26 mmol) was added to a 
solution of N-[(3R)-2,3-dihydro-l-methyI-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl]-2-bromoacetamide (600 mg, 1.55 mmol) in ethanol 
(25 mL) and the mixture was heated under reflux for 24 h. The 
mixture was cooled and the solid was collected and recrystallized from 
ethanol (20 mL) to give (+)-N-[(3R)-2,3-dihydro-l-methyl-2-oxo-5- 
phenyl-lH-l,4-benzodiazepm-3-yl]-2-(phenylamino)acetamide as a 
colorless solid (500 mg, 81%), m.p. 245-246°C, [a]n +119° (C=0 850 
CHCI3). ' 

8 H (CDCI3) 8.26 (1H, d, J 8.3 Hz), 7.63-7.20 (12H, m), 6.81 (1H, t J 
7.3 Hz), 6.72 (2H, d, J 7.6 Hz), 5.56 (1H, d, J 8.3 Hz), 3.95 (2H d J 1 5 
Hz), and 3.45 (3H, s). 
Anal. Calcd. for C24H22N4O2: 

C, 72.34; H, 5.57; N, 14.06. 
Found: C, 72.37; H, 5.59; N, 14.32%. 

Employing the procedure substantially as described above, 
but substituting 2-chloroaniline or 4-(trifluoromethyl)aniline for the 
aniline, the following compounds were prepared: 
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EXAMPLE 45 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzo- 

diazepin-3-vll-2-r2-chInr ophenv1aminokcetamide. 

m.p. 222-224°C, [a]D +111° (c=0.973, CHCI3). 
8 H (CDCI3) 8.15 (1H, d, J 8.3 Hz), 7.60-7.16 (12H, m), 6.71 (2H, m), 
5.57 (1H, d, J 8.3 Hz), 4.01 (2H, d, J 2.7 Hz), and 3.45 (3H, s). 
1 5 Anal . Calcd. for C24H21 CIN4O2: 

C, 66.59; H, 4.89; N, 12.94. 
Found: C, 66.40; H, 4.94; N, 12.92%. 



EXAMPLR 46 

20 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzo-diaz epin-3-vn-2-fDhenoxy)acetamiHe. 

Phenol (104 mg, 1.1 mmol) was added to a suspension of 
sodium hydride (60% dispersion in mineral oil, 44 mg, 1.1 mmol) in 
toluene (10 mL). When hydrogen evolution had stopped, N-[(3R)-2,3- 
dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl]-2- 
bromoacetamide (400 mg, 1.04 mmol) was added and the mixture was 
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stirred at room temperature for 18 h. The mixture was washed with 
water (3x15 mL), dried (MgS04) and the solvent was evaporated 
under reduced pressure. The residue was triturated with 2-propanol 
and the solid was collected and recrystallized from 2-propanol (5 mL) 

5 to give (+)-N-[(3R)-2,3-dihydro-l -methyl-2-oxo-5-phenyl-lH-l ,4- 

benzodiazepin-3-yl]-2-(phenoxy)acetamide as a colorless solid (1 12 mg, 
27%), m.p. 126-128°C, [a]D +81.6 (C=0.692, CHCI3). 
6h (CDCI3) 8.49 (1H, d, J 8.2 Hz), 7.64-7.01 (14H, m), 5.61 (1H, d, J 
8.2 Hz), 4.65 (1H, d, J 14.6 Hz), 4.58 (1H, d, J 14.6 Hz), and 3.50 

10 (3H, s). 

Anal. Calcd. for C24H21N3O3: 

C, 72.17; H, 5.30; N, 10.52. 
Found: C, 71.84; H, 5.25; N, 10.41%. 

15 Employing the procedure substantially as described above, 

but substituting 2,4-dichlorophenol, thiophenol or 2,4-dichloro- 
thiophenol for the phenol, the following compounds were prepared: 



(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 

benzo-diazepin-3-vl1-2-(phenvlthiotecetarniHe 

[cc]d +104.9° (c=0.316, CHCI3). 

SH (CDCI3) 8.50 (1H, d, J 9.0 Hz), 7.60-7.20 (14H, m), 5.50 (1H, d, J 
9.0 Hz), 3.75 (2H, m), and 3.45 (3H, s). 
Anal. Calcd. for C24H21N3O2S: 



EXAMPLE 47 



20 



25 
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C, 69.37; H, 5.10; N, 10.11. 
Found: C, 68.98; H, 5.06; N, 9.76%. 

EXAMPLE 48 



10 




(+)-N-[(3R)-2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 

15 benzo-diazemn-3-vl1- 3-fphenvlamino^prop anamiHp 

3-Bromopropionyl chloride (2.01 mL, 3.428 g, 20 mmol) 
was added to an ice cooled solution of 3(R)-amino-l,3-dihydro-l- 
methyl-5-phenyl-2H-l,4-benzodiazepin-2-one (J. Org. Chem. 1987, 
52:3232-3239) (5.0 g, 18.8 mmol) and triethylamine (2.79 mL, 2.02 

20 mg, 20 mmol) in methylene chloride (85mL) and the mixture was 
stirred at room temperature for 18 h. The mixture was washed with 
saturated aqueous sodium hydrogen carbonate (85 mL), water (2 x 85 
mL), and brine (85 mL), dried (MgS04) and the solvent was evaporated 
under reduced pressure. A sample (0.5 g, 1.25 mmol) was dissolved in 

25 ethanol (25 mL), aniline (230 pX, 233 mg, 2.5 mmol) was added and 
the mixture was heated under reflux for 70 h. The mixture was cooled 
and the solid was collected and recrystallized from ethanol to give (+)- 
N-[(3R)-2,3-dihydro- 1 -methyl-2-oxo-5-phenyl- 1 H-l ,4-benzodiazepin-3- 
yl]-3-(phenylamino)propanamide as a colorless solid, m.p. 218-221°C 

30 [a]D+58.2°(c=0.585,CHCl3). 

5 H (CDCI3) 7.60-6.71 (16H, m), 5.54 (1H, d, J 8.1 Hz), 3.54 (2H, t, J 
6.1 Hz), 3.52 (3H, s), and 2.70 (2H, m). 
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Anal. Calcd. for C25H24N4O2.0.5Et0H: 
C, 71.70; H, 6.25; N, 12.87. 
Found: C, 71.42; H, 5.98; N, 12.84%. 



EXAMPLE 49 




(-)-3-Cyclohexyl-N-[(3R)-2,3-dihydro-l-methy]-2-oxo-4-oxido-5- 
phenvl-1 H-l .4-ben7.o diazepin-3-vllprop anamirip. 

3-Chloroperoxybenzoic acid (80%, 0.32 g, 1.5 mmol) was 
added to a solution of (+)-3-cyclohexyl-N-[(3R)-2,3-dihydro-l-methyl- 
2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl]propanamide (0.60 g, 1.5 
mmol) in dichloromethane (25 mL) and the mixture was stirred at room 
temperature for 18 h. Further 3-chloroperoxybenzoic acid (80%, 0.1 
g, 0.5 mmol) was added and the mixture was stirred for 24 h. The 
mixture was washed with saturated aqueous sodium hydrogen carbonate 
(4 x 25 mL), water (2 x 25 mL) and brine (25 mL), dried (MgS04) and 
the solvent was evaporated under reduced pressure. The residue was 
recrystallized from toluene/hexane (65:35) to give (-)-3-cyclohexyl-N- 
[(3R)-2,3-dihydro-l -methyl-2-oxo-4-oxido-5-phenyl-lH-l ,4- 
benzodiazepin-3-yl]propanamide as colorless prisms, m.p. 222-224°C 
[a]D -80.7° (c=1.15, CHCI3). 

8h (CDCI3) 7.71-7.23 (10H, m), 6.01 (1H, d, J 9.3 Hz), 3.54 (3H, s), 
2.48 (2H, m), and 1.76-0.89 (13H, m). 
Anal. Calcd. for C25H29N3O3.O.5H2O: 
C, 70.06; H, 7.06; N, 9.81. 
Found: C, 70.10; H, 6.80; N, 9.79%. 
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EXAMPLE 50 



5 




(+)-Phenylmethyl N-[(3R)-2,3-dihydro-l -methyl-5-phenyl-2-thioxo- 

lH-1.4-benzodiazepin-3-vllcarbamate 

A mixture of (+)-phenylmethyl N-[(3R)-2,3-dihydro-l- 
methyl-5-phenyl-2-oxo-lH-l,4-benzodiazepin-3-yl]carbamate (4.0 g, 10 
mmol) and 2,4-bis(4-methoxyphenyl)-l,3-dithia-2,4-diphosphetane-2,4- 
disulfide (4.5 g, 1 1 mmol) in toluene (100 mL) was heated under reflux 
for 75 min. The mixture was cooled and the volume was reduced to 30 
mL by evaporation under reduced pressure. The residue was purified 
by flash column chromatography on silica gel, eluting with 
EtOAc/Hexane (75:25) to give (+)-phenylmethyl N-[(3R)-2,3-dihydro- 
l-methyl-5-phenyl-2-thioxo-lH-l,4-benzodiazepin-3-yl]carbamate as a 
solid, m.p. 128-13 1°C, [oc]d +22.5° (c=0.656, CHCI3). 
8h (CDCI3) 7.65-7.26 (15H, m), 5.50 (1H, d, J 8.8 Hz), 5.14 (2H, s), 
and 3.86 (3H, s). 

Anal. Calcd. for C24H21N3O2S.O.25H2O: 

C, 68.63; H, 5.16; N, 10.01. 
Found: C, 68.28; H, 5.21; N, 10.06%. 



30 
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EXAMPLE 51 




o 3-Cyclohexyl-N-(2,3-dihydro-l -methyl-5-phenyl-2-thioxo-lH-l ,4- 

benzodiazepin-3-vnpropanamide 

Hydrogen bromide was bubbled at room temperature 
through a solution of (+)-phenylmethyl N-[(3R)-2,3-dihydro-l-methyl- 
5-phenyl-2-thioxo-lH-l,4-benzodiazepin-3-yl]carbamate (0.9 g, 2.1 

5 mmol), acetic acid (5 mL) and dichloromethane (5 mL). After 2 h., the 
solvent was evaporated under reduced pressure, ether was added and the 
solid was collected and dried in vacuo. A sample (0.58 g, 1.8 mmol) 
was suspended in THF (10 mL), triethylamine (0.24 mL, 0.18 g, 1.8 
mmol) was added and the mixture was stirred at room temperature for 

o 3 h. In a separate flask, oxalyl chloride (0.20 mL, 0.29 g, 2.3 mmol) 
was added to a solution of cyclohexanepropionic acid (0.33 mL, 0.30 g, 
1.9 mmol) and DMF (1 drop) in THF (10 mL) and the mixture was 
stirred at room temperature for 3 h. The two mixtures were combined, 
triethylamine (0.32 mL, 0.23 g, 2.3 mmol) was added and the mixture 

5 was stirred at room temperature for 2.5 h. The solvent was evaporated 
under reduced pressure, water was added and the mixture was extracted 
with ethyl acetate. The combined organic fractions were washed with 
water, saturated aqueous sodium hydrogen carbonate, water (2 x) and 
brine, dried (Na2S04) and the solvent was evaporated under reduced 

o pressure. The residue was purified by flash column chromatography on 
silica gel, eluting with CH2Cl2/MeOH (99.5:0.5) and the residue was 
recrystallized from EtOAc/Hexane to give 3-cyclohexyl-N-(2,3- 
dihydro- 1 -methyl-5-phenyl-2-thioxo-lH-l ,4-benzodiazepin-3- 
yl)propanamide as a solid, m.p. 21 9-221 °C. 
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8H (CDCI3) 7.95 (1H, br d, J 8.6 Hz), 7.65-7.30 (9H, m), 5.72 (1H, d, J 
8.6 Hz), 3.87 (3H, s), 2.41 (2H, t, J 7.6 Hz), and 1.80-0.85 (13H, m). 
Anal. Calcd. for C25H29N3OS.O.25H2O: 
C, 70.81; H, 7.01; N, 9.91. 
5 Found: C, 70.80; H, 6.91; N, 9.95%. 

EXAMPLE 52 



10 



15 




(E)- and (Z)-3-Cyclohexyl-N-(2,3-dmydro-2-hydroxyimino-5-phenyl- 

lH-1.4-benzodiazepin-3-vnpropanamide 

A mixture of 3-cyclohexyl-N-(2,3-dihydro-l-methyl-5- 
phenyl-2-thioxo-lH-l,4-benzodiazepin-3-yl)propanamide (740 mg, 1.83 
mmol), hydroxylamine hydrochloride (140 mg, 2 mmol) and 
triethylamine (280 |iL, 203 mg, 2 mmol) in methanol (15 mL)/THF (15 
mL) was stirred at room temperature for 3 h. The solvent was 
evaporated under reduced pressure and the residue was purified by flash 
column chromatography on silica gel, eluting with CH2Cl2/MeOH 
(98:2). The residue recrystallized from ethyl acetate. The first isomer 
to crystallize was recrystallized from ethyl acetate to give(E)-3- 
cyclohexyl-N-(2,3-dihydro-2-hydroxyimino-5-phenyl-lH-l,4- 
benzodiazepin-3-yl)propanamide as a solid, m.p. 196°C. 
SH (d6-DMSO) 12.20 (1H, s), 9.00 (1H, d, J 8.0 Hz), 7.70-7.30 (10H, 
m), 5.45 (1H, d, J 8.0 Hz), 2.30 (2H, m), and 1.80-0.75 (13H, m). 
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The second isomer to crystallize was recrystallized from 
methanol to give (Z)-3-cyclohexyl-N-(2,3-dihydro-2-hydroxyimino-5- 
phenyl-lH-l,4-benzodiazepin-3-yl)propanamide as a solid, m.p 219°C 
5 H (d 6 -DMSO) 9.95 (1H, s), 8.95 (1H, s), 8.75 (1H, d, J 8.0 Hz) 7 50- 
7.00 (9H, m), 5.70 (1H, d, J 8.0 Hz), 2.25 (2H, m), and 1.75-0 75 
(13H, m). 

Anal. Calcd. for C24H28N4O2: 

C, 71.26; H, 6.98; N, 13.85. 
Found: C, 70.89; H, 6.99; N, 13.55%. 




3-Cyclohexyl-N-(2,3-dihydro-l-methyl-5-phenyl-lH-l,4-benzo- 
diazepin-3vn propanami^ 

Freshly prepared Raney nickel (400 mg) was added to a 
solution of 3-cyclohexyl-N-(2,3-dihydro-l-methyl-5-phenyl-2-thioxo- 
lH-l,4-benzodiazepin-3-yl)propanamide (200 mg, 0.5 mmol) in ethanol 
(20 mL) and the mixture was stirred at room temperature for 2 h The 
mixture was filtered and the solvent was evaporated under reduced 
pressure. The residue was purified by flash column chromatography on 
silica gel, eluting with CH2Cl2/MeOH (99.75:0.25) to give 3- 

cyclohexyl-N-(2,3-dihydro-l-methyl-5-phenyl-lH-l,4-benzodiazepin- 
3yl) propanamide as a foam. 

8 H (CDCI3) 7.60-6.80 (9H, m), 6.37 (1H, br d, J 6.6 Hz), 5.53 (1H m) 
3.60 (2H, m), 2.77 (3H, s), 2.21 (2H, t, J 8.0 Hz), and 1 .85-0.80 
(13H, m). 

Anal. Calcd. for C25H31N3O.O.2CH2CI2: 
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Found: 



C, 74.45; H, 7.79; N, 10.34. 
C, 74.68; H, 7.87; N, 10.23%. 



EXAMPLE 54 



10 



15 



20 



1 -(2,3-Dihydro- 1 -methy l-2-oxo-5-phenyl- 1 H-thieno- [2,3-e] - 1 .4- 
diazepin-3-vl)-3-(3-methyl-phenvl)urea 



(2-Amino-3-thienvl)phenvlmethanone 

Triethylamine (6.8 mL, 4.94 g, 49 mmol) was added to a 
heated (33 °C) mixture of (J-oxobenzenepropanenitrile (18.6 g, 128 
mmol) and l,2-dithiane-2,5-diol (9.8 g, 64 mmol) in ethanol (120 mL) 
and the mixture was stirred at 50C° for 18 h. The mixture was cooled 
and the solvent was evaporated under reduced pressure. 
Dichloromethane was added, the mixture was washed with aqueous 
hydrochloric acid (0.5M), aqueous sodium hydroxide (1M) and brine, 
dried (Na2S04) and the solvent was evaporated under reduced pressure. 
The residue was recrystallized from acetonitrile (150 mL) to give (2- 
amino-3-thienyl)-phenylmethanone as an orange solid (5.7 g, 44%). 



5h (CDC13) 7.70-7.35 (5H, m), 6.95 (2H, br s), 6.90 (1H, d, J 6.3 Hz), 
and 6.15 (1H, d, J 6.3 Hz). 



Step A : 




30 
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Step B : 



23-Dihvdro-5- phenvI-1H - fhi enor2.3-P.1-1 <Miazep in-7-onP 

A solution of 1 ,3-dihydro-l ,3-dioxo-2H-isoindole-2-acetyl 
chloride (8.6 g, 38 mmol) in dichloromethane (20 mL) was added 
slowly to a cooled (0°C) mixture of (2-amino-3-thienyl)phenyl- 
methanone (6.8 g, 33 mmol), pyridine (6.34 mL, 6.20 g, 78 mmol) and 
4-dimethylamino-pyridine (0.79 g, 6.5 mmol) in dichloromethane (130 
mL). The mixture was stirred at 0°C for 30 min., diluted with 
dichloromethane (80 mL) and washed with aqueous hydrochloric acid 
(1M), saturated aqueous sodium hydrogen carbonate and brine The 
mixture was dried (Na 2 S0 4 ) and the solvent was evaporated under 
reduced pressure. The residue was triturated with ethanol and the solid 
was collected and dried in vacuo to give N-(3-benzoylthien-2-yl)-l,3- 
dihydro-l,3-dioxo-2H-isoindoIe-2-acetamide as a solid (9.8 g, 76%). 

A mixture of N-(3-benzoylthien-2-yl)-l,3-dihydro-l 3- 
dioxo-2H-isoindole-2-acetamide (10.9 g, 28 mmol) and hydrazine' (1 9 
mL, 1.94 g, 60 mmol) in THF (500 mL) was heated under reflux for 4 
h. The mixture was cooled, filtered and the solvent was evaporated 
under reduced pressure. Saturated aqueous sodium hydrogen carbonate 
was added and the mixture was extracted with ethyl acetate. The 
combined organic fractions were washed with brine, dried (Na2S04) 
and the solvent was evaporated under reduced pressure. Acetic acid 
(300 mL) was added and the mixture was heated under reflux for 15 
min. The mixture was cooled and the solvent was evaporated under 
reduced pressure. Saturated aqueous sodium hydrogen carbonate was 
added and the mixture was extracted with ethyl acetate. The combined 
organic fractions were washed with brine, dried (Na2S04) and the 
solvent was evaporated under reduced pressure to give 2 3-dihydro-5 

f 6 ^l; 1 i?" thieno[2 ' 3 " e] " I ' 4 - diazepin - 2 - one as a foa *i (3 5 g, 52%) 
SH (CDC13) 9.75 (IH, br s), 7.90-7.30 (5H, m), 6.87 (IH, d J 6.0 Hz) 
6.82 (IH, d, J 6.0 Hz), and 4.45 (2H, s). 
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Step C : 




2,3-Dihydro-l -methvl-5-nhenvl-1 H-thi ft nor2.3-e1-1 4-diazepin-2-or» ft 
Sodium hydride (60% dispersion in mineral oil, 757 mg, 
11.3 mmol) was added to a cooled (0°C) solution of 2,3-dihydro-5- 
phenyl-lH-thieno[2,3-e]-l,4-diazepin-2-one (2.61 g, 10.8 mmol) in 
DMF (7 mL). Further DMF (10 mL) was added and the mixture was 
stirred for 30 min. A solution of iodomethane (0.67 mL, 1.53 g, 10.8 
mmol) in ether (20 mL) was added and the mixture was stirred for 1 h. 
The mixture was poured into water and the mixture was extracted with 
ethyl acetate. The combined organic fractions were washed with brine, 
dried (Na2S04) and evaporated under reduced pressure. The residue 
was purified by flash column chromatography on silica gel, eluting with 
CH2Cl2/MeOH (95:5) to give 2,3-dihydro-l-methyl-5-phenyl-lH- 
thieno[2,3-e]-l,4-diazepin-2-one (1.5 g, 54%). 
8 H (CDC13) 7.67-7.35 (5H, m), 7.00 (1H, d, J 6.0 Hz), 6.85 (1H, d, J 
6.0 Hz), 4.45 (2H, br s), and 3.50 (3H, s). 

Step D : 
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3-Amino-2,3-dihydro-l -methyl-5-phenyl-l H-thieno[2,3-e] -1 ,4- 
diazepin-2-nnpt 

2,3-Dihydro-l-methyl-5-phenyl-lH-thieno[2,3-e]-l,4- 
diazepin-2-one (1.5 g, 5.8 mmol) was dissolved in toluene (30 mL). 

5 The mixture was cooled to - 1 0°C and potassium t-butoxide (1 .7 g, 1 5. 1 
mmol) was added. The mixture was stirred at -10°C for 15 min., then 
isoamyl nitrite (1.0 mL, 0.87 g, 7.4 mmol) was added. The mixture 
was stirred at -10°C for 1 h. then allowed to warm to room temperature 
and poured into water (50 mL) and acetic acid (3 mL). The mixture 

l o was extracted with ethyl acetate and the combined organic fractions 
were washed with brine, dried (Na2S04) and the solvent was 
evaporated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel, eluting with EtOAc/Hexane to 

give 2,3-dmydro-l-memyl-3-hydroxyimino-5-phenyl-lH-thieno[2,3-e]- 
15 l,4-diazepin-2-one (0.80 g, 48%). 

2,3-Dihy dro- 1 -methyl-3-hydroxyimino-5-pheny 1- 1 H- 
thieno[2,3-e]-l,4-diazepin-2-one (0.80 g, 2.8 mmol) was dissolved in 
ethanol (40 mL) and Raney nickel (2 g) was added. The mixture was 
shaken under hydrogen (50 p.s.i.) for 5 days, adding further Raney 
20 nickel (10 g) in portions. The mixture was filtered and the solvent was 
evaporated under reduced pressure. The residue was purified by flash 
column chromatography on silica gel, eluting with CH2Cl2/MeOH to 

give 3-amino-2,3-dihydro-l-methyl-5-phenyl-lH-thieno[2,3-ej-l ,4- 
diazepin-2-one (248 mg, 33%). 

25 5 H (CDC13) 7.50-7.30 (5H, m), 7.05 (1H, d, J 6.0 Hz), 6.85 (1H d J 
6.0 Hz), 4.57 (1H, s), 3.55 (3H, s), and 1 .70 (2H, br s). 
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Step E : 



5 




1 -(2,3-Dihydro-l -methyl-2-oxo-5-phenyl-lH-thieno[2,3-e]-l ,4- 

diazeDin-3- vI)-3-r3-mp.thvl P henvnnrf> a 

3-Methylphenylisocyanate (60 ^L, 62 mg, 0.46 mmol) was 
added to a solution of 3-amino-2,3-dmydro-l-methyl-5-phenyl-lH- 
thieno[2,3-e]-l,4-diazepin-2-one (124 mg, 0.46 mmol) in tetrahydro- 
furan (5 mL). The mixture was stirred at room temperature for 2 h. 
and the solvent was evaporated under reduced pressure. The residue 
was crystallized from EtOAc (4 mL) to give l-(23-dihydro-l-methyl- 

2-oxo-5-phenyl-lH-thieno[2,3-e]-l,4-diazepin-3-yl)-3-(3-methyl- 
phenyl)urea as a solid (94 mg, 50%). 

m.p. 128-130°C 

OH (CDC1 3 ) 8.70 (1H, s), 7.65-6.75 (12H, m), 5.55 (1H, d, J 9.0 Hz) 

3.55 (3H, s), and 2.30 (3H, s). 

Anal. Calcd. for C22H20N4O2S.O.25H2O: 

C, 64.62; H, 4.99; N, 13.70. 
Found: C, 64.68; H, 4.96; N, 13.70%. 
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EXAMPI.F. 55 




(+)-N-[(3R)-7-Amino-2,3-dihydro-l-methyl-2-oxo-5-phenyl.lH-l 4- 
benzodiazenin-3-vn-S-r9^.H i chlnrnp h P n Y i) r ropanani ^P 

Step A: 

To a mixture of 3(R)-amino-l,3-dihydro-l-methyI-5- 
phenyl-2H-l,4-benzodiazepin-2-one (J. Org. Chem. 1987, 52:3232- 
3239) (3.98 g, 15.0 mmol) in concentrated sulfuric acid (15 mL) cooled 
in an ice-bath was added dropwise a solution of potassium nitrate (2.12 
g, 21.0 mmol) in concentrated sulfuric acid (6 mL). The mixture was 
stirred with cooling for 2 h., then stirred at ambient temperature for 
1.5 h. Ice (80 g) was added and the mixture was basified with 
concentrated ammonium hydroxide to pH 9. The resulting mixture was 
extracted with ethyl acetate (3 x 220 mL). The combined organic 
fractions were washed with brine, dried (Na 2 S0 4 ) and the solvent was 
evaporated under reduced pressure. The residue was purified by flash 
™T c y° mato ^ h y on sili <* gel eluting with chloroform/methanol 
(97:3). The material which eluted was further purified by flash column 
chromatography on silica gel, eluting with ethyl acetete/methanol 
(95:5). The material which eluted was stirred under n-butyl chloride 
(30 mL) and the solvent was evaporated under reduced pressure to give 
an inseparable mixture of 3(R)-amino-l,3-dihydro-l-methyl-7-nitro-5- 
phenyl-2H-l,4-benzodiazepin-2-one and 3(R)-amino-l,3-dihydro-l- 

methyl-7-nitro.5-(2.nitrophenyl)-2H-l,4-benzodiazepin-2-one (3 81 e ) 
in a 3:1 ratio as a yellow solid. ' 
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8h (CDCI3) (mononitro compound) 8.43 (1H, dd, J 9, 3 Hz), 8.23 (1H, 
d, J 3 Hz), 7.59 (2H, m), 7.52 (2H,m), 7.44 (2H,m), 4.47 (lH,s), 3.53 
(3H,s), and 2.42 (2H, br s); (dinitro compound) 8.49 (1H, dd, J 9, 3), 
8.42 (1H, m), 8.18 (1H, d, J 3 Hz), 8.01 (1H, m), 7.67 (1H, t, J 6 Hz), 
5 7.6-7.4 (2H, m), 4.52 (lH,s), 3.56 (3H,s), and 2.42 (2H, br s). 

StepB : 

A solution of 3-(2,4-dichlorophenyl)propionic acid (482 
mg, 2.2 mmol), DMF (0.017 mL, 0.22 mmol), and thionyl chloride 

10 (0.24 mL, 3.3 mmol) in chloroform (2.5 mL) was heated at reflux for 1 
h. The solvent was evaporated under reduced pressure to give 3-(2,4- 
dichlorophenyl)propionyl chloride (520 mg, 100%). To a solution of 
mixed 3(R)-amino-l ,3-dihydro-l -methyl-7-nitro-5-phenyl-2H- 1 ,4- 
benzodiazepin-2-one and 3(R)-amino-l,3-dihydro-l-methyl-7-nitro-5- 

1 5 (2-nitrophenyl)-2H-l ,4-benzodiazepin-2-one (3: 1 ) (621 mg, 2 mmol) 
and triethylamine (0.305 mL, 2.2 mmol) in methylene chloride (10 
mL), was added a solution of 3-(2,4-dichlorophenyl)propionyl chloride 
(520 mg, 2.2 mmol) in methylene chloride (1.5 mL). The mixture was 
stirred for 30 min., the solvent was partially evaporated under reduced 

20 pressure, and the reaction mixture was purified by flash column 
chromatography on silica gel, eluting with methylene chloride/ether 
(90:10) to give a mixture of (+)-N-[(3R)-2,3-dihydro-l-methyl-7-nitro- 
2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 
propanamide and (+)-N-[(3R)-2,3-dihydro-l-methyl-7-nitro-2-oxo-5- 

25 (2-nitrophenyl)-lH-l,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 
propanamide (850 mg, 84%) in a 3:1 ratio as a solid white foam. 
6h (CDCI3) (mononitro compound) 8.45 (1H, dd, J 9, 3 Hz), 8.25 (1H, 
d J 3 Hz), 7.54 (3H, m), 7.45 (2H, m), 7.38 (1H, d, J 2 Hz), 7.26-7.18 ' 
(4H, m), 5.50 (1H, d, J 8 Hz), 3.52 (3H, s), 3.10 (2H, m), and 2.70 (2H, 

30 m); (dinitro compound) 8.51 (1H, dd, J 9, 3 Hz), 8.40 (1H, m), 8.21 
(1H, d J 3 Hz), 7.98 (1H, m), 7.68 (1H, t, J 6 Hz), 7.60 (1H, m), 7.44 
(1H, m), 7.26-7.15 (4H, m), 5.52 (1H, d, J 8 Hz), 3.55 (3H, s), 3.10 
(2H, m), and 2.70 (2H, m). 
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Step C : 

To a solution of mixed N-[(3R)-2,3-dihydro-l-methyl-7- 
nitro-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl]-3-(2,4-dichloro- 
phenyl)propanamide and (+)-N-[(3R)-2,3-dihydro-l-methyl-7-nitro-2- 

5 oxo-5-(2-nitrophenyl)-lH- 1 ,4-benzodiazepin-3-yl]-3-(2,4-dichloro- 
phenyl)propanamide (3:1) (770 mg, 1.5 mmol) in acetic acid (6 mL) 
was added dropwise in portions over 1.5 h. a solution of 15% titanium 
(HI) chloride in 20-30% hydrochloric acid (7.8 mL, 9.0 mmol). The 
resulting solution was stirred 30 min., basified with 20% sodium 

10 hydroxide solution (pH 9), diluted with water (80 mL) and extracted 
with ethyl acetate (3 x 100 mL). The combined organic fractions were 
washed with brine, dried (Na2S04) and the solvent was evaporated 
under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with ethyl acetate/hexane (75:25 

is increasing to 100:0). The first compound to elute was crystallized from 
ethyl acetate to give (+)-N-[(3R)-7-amino-2,3-dihydro-l-methyl-2-oxo- 
5-phenyl-l H-l ,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 
propanamide (413 mg, 57%) as a pale yellow solid, m.p 179-1 80°C 
[a]D +60.2° (c= 0.500, CHCI3). 

20 8H (CDCI3) 7.60 (2H, d, J 7 Hz), 7.49-7.36 (5H, m) 7.24 (1H, d, J 9 
Hz), 7.17 (2H, m), 6.99 (1H, dd, J 9, 3 Hz), 6.64 (lH,d, J 3 Hz), 5.54 
(1H, d, J 8 Hz), 4.80-3.50 (2H, br s), 3.39 (3H, s), 3.09 (2H, t, J 8 Hz), 
and2.68(2H,dt,Jd3,J t 8Hz). 
Anal. Calcd. for C25H22CI2N4O2: 

25 C, 62.38; H, 4.61; N, 11.64. 

Found: C, 62.58; H, 4.68; N, 1 1 .65%. 

The second compound to elute was crystallized from ethyl 
acetate to give (+)-N-[(3R)-7-amino-2,3-dihydro-l-methyl-2-oxo-5-(2- 
30 aminophenyl)-lH-l ,4-benzodiazepin-3-yl]-3-(2,4-dichlorophenyl)- 
propanamide (114 mg, 15%) as a pale yellow solid, m.p. 188-189°C 
[<x]D +50.0° (c=0.100, MeOH). 

8 H (CDCI3) 7.36 (2H, m), 7.25 (1H, d, J 9 Hz), 7.15 (3H, m), 7.00 (1H 
m), 6.88 (2H, m), 6.79 (1H, m), 6.60 (1H, bs), 5.52 (1H, d, J 8 Hz), 
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4.10-2.80 (4H br s), 3.40 (3H, m), 3.09 (2H, t, J 8 Hz), and 2.69 (2H, 
m). 

Anal. Calcd. for C25H23Cl2N5O2.0.05EtOAc: 
C, 60.43; H, 4.71; N, 13.99. 
5 Found: C, 60.79; H, 4.74; N, 13.83%. 

EXAMPLE 56 




N-(2,3-Dihydro- 1 -methyl-2-oxo-5-phenyl- lH-pyrido[4,3-e]- 1 ,4- 

diazepin-3-vn-3-rcvrl ohexvnpropanamide 

A solution of dicyclohexylcarbodiimide (87 mg, 0.42 
mmol) in methylene chloride (0.17 mL) was added to a solution of 3- 

amino-2,3-dihydro-l-methyl-5-phenyl-lH-pyrido[4,3-e]-l,4-diazepine- 

2- one (93 mg, 0.35 mmol) and cyclohexanepropionic acid (0.065 mL, 
0.38 mmol) in tetrahydrofuran (0.5 mL) under argon. The resulting 
mixture was stirred for 5 h., filtered, and the filtrate was evaporated 
under reduced pressure. The residue was purified by preparative plate 
chromatography on silica gel eluting with methanol/chloroform/acetic 
acid (5:95:1). The purified material was stirred under chloroform (5 
mL) with potassium carbonate (0.1 g) and water (2 drops) for 5 min. 
The mixture was dried (Na2S04) and the solvent was evaporated under 
reduced pressure. The residue was crystallized from toluene to give N- 

(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-pyrido[4,3-e]-l,4-diazepin- 

3- yl)-3-(cyclohexyl)-propanamide (47 mg, 33%) as a white crystalline 
solid, m.p. 170-1 73°C. 

8 H (CDC1 3 ) 8.75 (1H, d, J 6 Hz), 8.61 (1H, s), 7.58 (2H, m), 7.52 (1H, 
m), 7.45 (2H, m), 7.31 (1H, d, J 6 Hz), 7.21 (1H, d, J 8 Hz), 5.54 (1H, 
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d, J 8 Hz), 3.51 (3H, s), 2.39 (2H, m), 1.73 (4H, m), 1.63 (3H, m), 
1.85-1.12 (4H, m), and 0.94 (2H, m). 
Anal. Calcd. for C24H28N4O2.O.IOPI1CH3: 
C, 71.70; H, 7.02; N, 13.54. 
5 Found: C, 71.78; H, 7.01; N, 13.57%. 

Employing the procedure substantially as described above, 
but substituting 3-(4-trifluororaethylphenyl)-propionic acid for the 
cyclohexanepropionic acid, the following compound was prepared: 



N-(2,3-Dihydro-l-methyl-2-oxo-5-phenyl-lH-pyrido[3,4-e]-l,4- 
diazepin-3-vn-3-r2.4-d ichlornphp.nvnpropanamiHf> 

Step A : 

To a solution of 2,3-dihydro-l-methyl-5-phenyl-lH- 
pyrido[3,4-e]-l,4-diazepine-2-one (Can. J. Chem. 1987, 65:1158-1161) 
(1.43 g, 5.7 mmol) in toluene (28 mL) under argon cooled to -20°C 
(ice/methanol bath) was added potassium t-butoxide (1.59 g, 14.2 
mmol). The resulting purple suspension was stirred 15 min. at -20°C 
and isoamyl nitrite (0.92 mL, 6.8 mmol) was added. The mixture was 
stirred at -20°C for 30 min., then poured into a mixture of water (25 
mL), acetic acid (2.5 mL), and ethyl acetate (55 mL). The mixture was 
stirred to dissolve all solids and the layers were separated. The aqueouj 
layer was extracted with ethyl acetate (2 x 55 mL). The combined 
organic fractions were washed with saturated sodium bicarbonate 



10 



EXAMPLE 57 



15 
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solution and brine (20 mL each), dried (Na2S04), and the solvent was 
evaporated under reduced pressure. The residue was triturated with 
hexane and the solid was collected and dried in vacuo to give 2,3- 
dihydro-3-hydroxyimino-l -methyl-5-phenyl-lH-pyrido[3,4-e]-l ,4- 
5 diazepine-2-one (1.60 g, 100%) as a tan foam. 

8 H (CDC13) 8.77 (1H, s), 8.50 (1H, d, J 4 Hz), 7.81 (2H, dd, J 8, 1 Hz), 
7.60 (1H, m), 7.49 (3H, m), 7.32 (1H, d, J 5 Hz), and 3.55 (3H,s). 

Step B : 

10 A solution of stannous chloride dihydrate (3.72 g, 16.5 

mmol) in concentrated hydrochloric acid (11 mL) was added dropwise 
to 2,3-dmydro-3-hydroxyimino- 1 -methyl-5-phenyl-l H-pyrido[3,4-e]- 
l,4-diazepine-2-one (1.54 g, 5.5 mmol) cooled in an ice bath. The 
resulting solution was stirred at ambient temperature for 3 h. The 

15 solution was diluted with water (20mL), basified with concentrated 
ammonium hydroxide (18 mL), and extracted with ether (4 x 75 mL). 
The combined organic fractions were washed with brine (30 mL), dried 
(Na2S04), and the solvent was evaporated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel, 

20 during with methanol/chloroform/acetic acid (5:95:1 increasing to 

10:90:1). The material which eluted was stirred under chloroform (20 
mL) with potassium carbonate (0.3 g) and water (2 drops) for 5 min. 
The mixture was dried (Na2S04) and the solvent was evaporated under 
reduced pressure. The residue was stirred under hexane, and the 

25 resulting solid was collected to give 3-amino-2,3-dihydro-l-methyl-5- 
phenyl-lH-pyrido[3,4-e]-l,4-diazepine-2-one (241 mg, 16%) as a 
yellow solid, m.p. 94-1 18°C. 

5 H (CDC13) 8.79 (1H, s), 8.48 (1H, d, J 5 Hz), 7.62 (2H, dd, J 8, 1 Hz), 
7.51 (1H, m), 7.45 (2H, m), 7.24 (1H, dd, J 5, 1 Hz), 4.47 (1H ,s), 3.55 
30 (3H, s), and 2.2 (2H, bs). 

Anal. Calcd. for Cl5Hi4N4O.0.25(C2H5)2O: 

C, 67.46; H, 5.84; N, 19.67. 
Found: C, 67.28; H, 5.66; N, 19.53%. 
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High res. mass spectrum: Theoretical mass for C15H14N4O (M+l): 
267.124586. Measured mass (M+l): 267.123093. 

Step C : 

A solution of oxalyl chloride (0.023 mL, 0.26 mmol) in 
methylene chloride (0.2 mL) was added dropwise to a solution of 3- 
(2,4-dichlorophenyl)propionic acid (48 mg, 0.22 mmol) and DMF (1 
drop) in methylene chloride (0.5 mL) cooled in an ice-bath. The 
resulting solution was stirred 1 h. with cooling. The solvent was 
evaporated under reduced pressure to give 3-(2,4-dichlorophenyl)- 
propionyl chloride (52 mg, 100%). To a solution of 3-amino-2 3- 

dihydro-l-methyI-5-phenyl-lH-pyrido[3,4-e]-l,4-diazepine-2-one(53 
mg, 0.20 mmol) and pyridine (0.021 mL, 0.22 mmol) in methylene 
chloride (3 mL), was added a solution of 3-(2,4-dichlorophenyl)- 
propionyl chloride (52 mg, 0.22 mmol) in methylene chloride (0.5 
mL). The mixture was stirred for 1 h., the solvent was partially 
evaporated under reduced pressure, and the reaction mixture was 
purified by flash column chromatography on silica gel, eluting with 
methanol/ether (5:95 increasing to 7.5:92.5). The material which eluted 
was crystallized from toluene/hexane to give N-(2,3-dihydro-l-methyl- 
2-oxo-5-phenyl-lH-pyrido[3,4-e]-l,4-diazepin-3-yl)-3-(2,4-dichloro- 
22r22rC Panamide ^ 38%> ^ 3 WhitC CiyStalline solid ' m P- 
S H (CDCI3) 8.81 (1H, s), 8.52 (1H, d, J 5 Hz), 7.56 (2H, dd, J 7 2 Hz) 
7.51 (1H, m), 7.44 (2H, d, J 6 Hz), 7.40 (1H, m), 7.27 (2H, m) 7 18 
(2H, dd, J 8, 2 Hz), 5.48 (1H ,d, J 8 Hz), 3.55 (3H, s), 3.10 (2H t J 7 
Hz), and 2.71 (2H, dt, J d 2 J t 8 Hz). ' 
Anal. Calcd. for C24H20CI2N4O2.O.25PI1CH3: 

C, 63.06; H, 4.52; N, 11.43. 
Found: C, 63.03; H, 4.48; N, 11.25%. 
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EXAMPLE 58 

N-[2,3 -Dihydro-1 -methy l-2-oxo-5-isopropyl- 1 H- 1 ,4-benzodiazepin- 
3-vll-3-f2.4-dichlorophenvI)propanaTnide 

Step A : 



10 




15 To a solution of the benzodiazipene (1 .0 g, 5.3 mmol) in 

THF (20 mL) at -78°C under argon was added 60% NaH (0.252 g, 6.3 
mmol) and the mixture stirred at -78°C for 1/2 hour. The reaction was 
then allowed to warm to 25°C and stirred for 2 hours before quenching 
into cold aq. NH4CI (10%) and extracting the product into ethyl acetate 

20 (3x50 mL). Concentration of the dried (Na2S04) extracts gave an oil 
which was passed through silica (EtOAc/hexane) to give 1.35 g product 
(89%). 

lH NMR (CDCI3) 8: 1.60 (s, 9H), 3.40 (s, 3H), 3.95 (brd, 1H), 4.80 
(brd, 1H), 7.20 (d, 1H), 7.30 (q, 1H), 7.60 (t, 1H), 7.92 (d, 1H). 

25 

StepB : 



30 
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To a solution of the BOC-benzodiazapine (4.0 g, 13.8 
mmol) in THF (80 mL) under argon was rapidly added a solution of 
isopropylmagnesium chloride (2.0 M) in THF (7.66 mL, 15.3 mmol). 
The reaction was stirred to 1/2 hour, quenched into aq NH4CI (50 mL), 
and extracted with ethyl acetate (2x200 mL). The organic extracts were 
concentrated and chromatographed on silica (1:1, EtOAC/hexane) to 
give 1.55 g (34%) of product. 

lH NMR (CDCI3) 8: 1.14 (d, 3H), 1.19 (d, 3H), 1.40 (s, 9H), 3.13 (s, 
3H), 3.2-3.8 (m, 3H), 5.45 (brs, 1H), 7.28 (dt, 1H), 7.48 (dt, 1H), 7.56 
(dt, 1H), 7.72 (dd, 1H). 

Step C : 




To a 0°C solution of the isopropylphenone (1.55 g) in ethyl 
acetate was added anhydrous HC1 gas over 90 min. The reaction was 
then concentrated in vacuo so a solid which was dissolved in H2O (40 
mL) and the pH adjusted to 1 1 .0 with IN LiOH. After 30 min. at pH = 
11.0 the pH was adjusted to 7.0 with IN HC1 and product extracted into 
ethyl acetate. The organic extracts were dried (Na2S04), filtered and 
concentrated to give a solid 1.22 g, 100%. 

lH NMR (CDCI3) 8: 0.95 (d, 3H), 1.30 (d, 3H), 3.16 (septet, 1H) 3 36 
(s, 3H), 3.60 (d, 1H), 4.60 (d, 1H), 7.2-7.3 (m, 2H), 7.45-7.55 (m, 2H). 

Steps D-F : 

The benzodiazepine was (D) converted to the 
corresponding oxime, (E) reduced and (F) coupled with (2,4- 
dichlorophenyl)-propionic acid as described in Example 80! Steps A, B 
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and C respectively to yield N-[2,3-dihydro-l-methyl-2-oxo-5-isopropyl- 

lH-l,4-ben2odiazepin-3-yl]-3-(2,4-dichlorophenyl)-propanamide 
m.p. 173-174°C 

lH NMR (CDC13) 6: 0.92 (d, 3H), 1.25 (d, 3H), 2.65 (dt, 2H), 3.05 (t, 
5 2H), 3.15 (SepT, 1H), 3.40 (s, 3H), 5.38 (d, 1H), 7.0-7.6 (m, 8H). 

The following compounds were prepared in a similar 
manner as described in Example 81. 

10 EXAMPLE SQ 

N-[2,3-dihydro-l-methyl-2-oxo-5-isopropyl-lH-l,4-benzodiazepin- 
3-vn-3-cvclohexvlpr npanamiHp. 

15 m.p. 164-165°C 

CHN: Anal. Calcd. for C, 71.51; H, 8.46; N, 11.37. 

Observed: C, 71.72; H, 8.39; N, 1 1.32. 

EXAMPT F. ftO 

20 

N-[2,3-dihydro-l-methyl-2-oxo-5-isopropyl-lH-l,4-benzodiazepin- 
3-vll-3-(4-trifluorQmet hvlphenvnprop anamidp 

m.p. 187-188°C 

25 J H NMR (CDC13) 8: 0.92 (d, 3H), 1.25 (d, 3H), 2.66 (dt, 2H) 3 04 (t 
2H), 3,15 (SepT, 1H), 3.40 (S, 3H), 5.38 (d, 1H), 7.14 (brd, 1H) 7 25- 
7.6 (m, 8H) 



30 
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EXAMPLE 61 

N-[2,3-dihydro-l -methyl-2 7 oxo-5-(2-furanyl)-l H-l ,4-benzo- 
diazepin-3 -vn-3-cvclohexvlproDanamide 

m.p. 168-169°C 

CHN: Anal. Calcd: for C, 70.21; H, 6.92; N, 10.68. 

Observed: C, 70.15; H, 6.67; N, 10.64. 



10 EXAMPLE 62 

N-[2,3-dihydro-l-methyl-2-oxo-5-(2-furanyl)-lH-l,4-benxo- 
diazepin-3-vn-3-r4-trifluorom ethvlphenvn P roDanainidp. 

15 m.p. 155-157°C 

CHN: Anal. Calcd. for C, 63.29; H, 4.432; N, 9.23. 

Observed: C, 63.22; H, 4.44; N, 9.07. 



20 



EXAMPLE 63 

N-[2,3-dihydro- 1 -methy l-2-oxo-5-(2-furany 1)- 1 H- 1 ,4-benzo- 
diazepin-3- vn-3-(2.4-dichlorophenvnprop anamiHp. 

m.p. 132-133°C 
25 CHN: Anal. Calcd. for C, 60.54; H, 4.20; N, 9.21. 

Found: C, 60.62; H, 4.07; N, 9.07. 

EXAMPLE 64 



3 0 N-[2,3,4,5-tetrahydro-l -methyl-2-oxo-5-isopropyl- 1 H- 1 ,4-benzo- 
diazepin-3vn-3-cvcloh exvlpropanarnide. 
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10%Pd/C 



MeOH 



10 




15 



20 



A solution of N-[2,3-dihydro-l-methyI-2-oxo-5-isopropyl- 
lH-l,4-benzodiazepin-3-yl]-3-cyclohexylpropanamide (50 mg) in 
methanol (10 mL), containing 10% Pd/C (50 mg) was stirred under 1 
atmosphere of hydrogen for 18 hours. Filtration of the reaction, 
concentration and crystallization ffrom diethyl ether gave 21 mg N- 

[2,3,4,5-tetrahydro-l-methyl-2-oxo-5-isopropyl-lH-l,4-benzodiazepin- 
3-y 1] -3-cyclo-hexylpropanamide. 



25 



CHN: Anal. Calcd. for 

Observed: 
m.p. 114-115°C 



C.71.12; H, 8.95; N, 11.31. 
C.70.98; H, 8.97; N, 11.15. 



EXAMPLE 65 



N-[2,3-dihydro-l -methyl-2-oxo-5-methyl-lH-l ,4-benzodiazepin- 
30 3-vn-3-(2.4-dichlnr oDhenvl)propanamide- 
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Step A : 




To CBZ-benzodiazapene (250 mg, 0.776 mmol) in toluene 
(25 mL) at reflux was added dropwise a solution of DMF dimethylacetal 
(1.09 mL) in toluene (10 mL). The reaction was refluxed for 5 hours 
cooled and concentrated to an oil. The oil was triturated with ether to' 
give a white solid (124 mg). 

1H NMR (CDC1 3 ) S: 2.50 (s, 3H), 3.42 (S, 3H), 5.12-5.20 (m,. 3H)< 
6.62 (d, 1H), 7.25-6.4 (m, 7H), 7.5-7.6 (m, 2H). 



Step B : 




The CBZ-amine-N-methyl amide (190 mg) was treated 
with 30% HBr/AcOH (0.8 mL) for 1 hour at room temperature. The 
reaction mixture was poured into ether (10 mL) at 0°C and the solid 
filtered. Solid dissolved in 10% Aq. NaOH (5 mL/and CH2CI2 (10 mL) 
and organic layer separated, dried (Na 2 S0 4 ), filtered and concentrated 
to an oil (172 mg, 110%). 

lH NMR (CDCI3) 6: 2.42 (s, 3H), 3.05 (brs, 2H), 3.40 (s, 3H), 4 40 fs 
1H), 7.2-7.6 (m, 4H). ' K * 
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Step C : 



5 



10 



15 




N-[2,3-dihydro-l-methyI-2-oxo-5-methyl-lH-l,4-benzodiazepin-3-yl]- 
20 3-(2,4-dichlorophenyl)propanamide was prepared in a similar manner 
as described previously, 
m.p. 194-195°C 

CHN: Anal. Calcd. for C, 59.42; H, 4.74; N, 10.39. 

Observed: C,5 9.50; H, 4.74; N, 10.44. 

25 2 H NMR (CDC13) 8: 2.49 (brs, 3H), 2.65 (dt, 2H), 3.05 (t, 2H), 3.42 (s, 
3H), 5.35 (d, 1H), 71-7.6 (m, 8H). 



30 
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EXAMPLE 66 



5 




3R-(+)-3-(Phenylthio)-N-[2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH- 
1.4-benz odiazepin-3-vll-propanamide 

To a stirred solution of 3-Bromopropionic acid (1.0 g, 6.5 
mmol) in DMF (20 mL) was added K2CO3 (1.8 g, 13 mmol) and 
thiophenol (0.72 g, 6.5 mmol). This was heated to 50°C for lh. The 

15 rm was then diluted with 200 mL H2O and extracted with 2 x 100 mL 
EtOAc. The combined organics were washed with 100 mL H2O and 
dried with Na2S04. This was evaporated to 1.52 g of a colorless oil, 
1.18 g corrected for residual DMF by NMR. 

The above oil was taken up in 30 mL DMF and l-(3- 

20 Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.45 g, 12.8 
mmol) andl-Hydroxybenztriazole hydrate (1.73 g, 12.8 mmol) were 
added. This was stirred for 5 min at rt. 3-(R)-Amino-l,3-dihydro-l- 
methyl-5-phenyl-2H-l,4-benzodaizepin-2-one (0.66 g, 2.6 mmol) was 
then added and the reaction was stirred at rt overnight. The reaction 

25 was diluted with 200 mL H2O and extracted with 2x1 50 mL EtOAc. 
The combined organics were washed with 1x100 mL H2O, dried with 
Na2S04 and evaporated. The residue was chromatographed over silica 
eluting with 2% MeOH:CHCl3. Collected pure fractions, evaporated. 
Evaporated from diethyl ether to give 770 mg of a white foam. 

3 0 Anal. Calcd for C25H23N3O2S»0.05Hexane: 
C, 70.04; H, 5.51; N, 9.69. 
Found: C, 69.91; H, 5.40; N, 9.78. 
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EXAMPLE 67 



5 




3R-(+)-5-(Methylthio)-N-[2,3-dihydro- 1 -methyl-2-oxo-5-phenyl- 

1 H- 1 .4-benzodiazepin-3 -y 1 1 -propanamide 

To an aqueous solution of K2CO3 (0.76 g, 5.5 mmol) was 
added 5-Bromopentanoic acid and sodium thiomethoxide. This was 
stirred at rt overnight. The reaction was diluted with 50 mL H2O and 
acidified to pH=0 with 6N HC1. Extracted with 2 x 50 mL EtOAc. 
Dried with Na2S04, evaporated to 0.55 g of a yellow oil. 

The above oil was taken up in 10 mL DMF and l-(3- 
Dimethyl-aminopropyl)-3-ethylcafbodiimide hydrochloride (1.30 g, 
6.8mmol) and 1-Hydroxybenztriazole hydrate (0.92 g, 6.8 mmol) were 
added. 3-(R)-Amino-l ,3-dihydro-l -methyl-5-phenyl-2H-l ,4- 
benzodaizepin-2-one (0.85 g, 3.4 mmol) was then added and the 
reaction was stirred overnight at rt. The reaction was diluted with 100 
mL H2O and extracted with 2 x 50 mL EtOAc. Combined organics 
were dried with brine and Na2S04, and evaporated to yellow oil. The 
residue was chromatographed over silica eluting with 50:50 EtOAc:Hex 
to 100% EtOAc. Pure fractions collected to give 1.33g of a colorless 
oil. 0.4 g of which were chromatographed over silica eluting with 2% 
MeOH:CH2Cl2. Pure fractions were collected, evaporated. Evaporated 
from ethyl ethenhexane to give a white powder mp. 61-65°C. 
Anal. Calcd for C22H25N3O2S-0.35H2O: 

C, 65.76; H, 6.45; N, 10.46. 
Found: C, 65.81; H, 6.21; N, 10.57. 
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EXAMPLE 6R 



10 



15 



20 




25 



30 



N-[2,3-dihydro-l -methyl-2-oxo-5-phenyl-lH- 1 ,4-benzodiazepin-3- 

vn-N-2-(2-methoxvethoxvVethvlhexanamide 

3-(R)-Amino-l ,3-dihydro- 1 -methyl-5-phenyl-2H-l ,4- 
benzodiazapin-2-one (1.33 g, 5.0 mmol) in N,N-dimethyl formamide 
(30 mL ) was mixed with l-bromo-2-(2-methoxyethoxy)-ethane (1.35 
mL, 5.0 mmol) and triethylamine (1.0 mL ). The mixture was stirred 
and heated at reflux for 4 h. After that time, the reaction was cooled to 
room temperature, diluted with 150 mL water, and extracted with ethyl 
acetate (3 x 100 mL ). The organic layers were combined, dried with 
magnesium sulfate, gravity filtered, and the solvent was removed in 
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vacuo. The resulting oil was chromatographed over silica in 1:1 ethyl 
acetate:hexane, yielding the mono-alkylated product (1.2 g, 65%) as 
well as the starting l,4-benzodiazapin-2-one'and bis-alkylated material. 
To a solution of the mono-alkylated material (1.2 g, 3.27 mmol) in 

5 methylene chloride (20 mL) was added hexanoyl chloride (0.96 mL, 
3.27 mmol) and the reaction was stirred for 0.25 h. The reaction was 
then diluted with methylene chloride (150 mL) and saturated aqueous 
sodium hydrogen carbonate (150 mL) was added. The aqueous portion 
was extracted again with methylene chloride (2 x 100 mL) and the 

io organics were combined, dried with magnesium sulfate, gravity filtered, 
and the solvent was removed in vacuo. The resulting oil was 
chromatographed over silica with 1:1 ethyl acetate:hexane, yielding an 
oil, giving 580 mg (38%) of the product. 
[cc]d 0.00°; c=0.27; MeOH. 

15 Anal. Calcd. for C27H35N3O4«0.80 mol H2O: 
C, 67.56; H, 7.69; N, 8.75. 
Found: C, 67.56; H, 7.39; N, 8.85%. 
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EXAMPLK 69 




A/\/\ 



(+)-N-[2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-ben2odiazepin- 
3-vl1-N-(5-hvdroxvpRnt vnhexanamirf P 



3-(R)-Amino-l,3-dihydro-l-methyl-5-phenyl-2H-l 4- 
benzodiazapin-2-one (1.33 g, 5.0 mmol) in acetonitrile (40 mL ) was 
mixed with 5-chloropentan-l-ol (0.61 g, 5.0 mmol) and sodium 
hydrogen carbonate (2.0 g) was suspended in the mixture. The mixture 
was stirred and heated at reflux for 12 h. After that time, the reaction 
was cooled to room temperature, diluted with 100 mL water and 
extracted with ethyl acetate (3 x 75 mL). The organic layers were 
combmed, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed in vacuo. The resulting oil was chromatographed 
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over silica in 1:49 methanolxhloroform yielding the mono-alkylated 
product (1.1 g, 62%) as well as the starting 1 ,4-benzodiazapin-2-one 
and bis-alkylated material. To a solution of the monoalkylated material 
(0.50 g, 1.42 mmol) in methylene chloride (30 mL) was added hexanoyl 

5 chloride (0.20 mL, 1 .42 mmol) and the reaction was stirred for 0.25 h. 
The reaction was then diluted with methylene chloride (100 mL) and 
saturated aqueous sodium hydrogen carbonate (100 mL) was added. 
The aqueous portion was extracted again with methylene chloride (2x75 
mL) and the organics were combined, dried with magnesium sulfate, 

io gravity filtered, and the solvent was removed in vacuo. The resulting 
oil was chromatographed over silica with 1:1 ethyl acetate:hexane, 
yielding a foam, giving 360 mg (64%) of the product, 
foam , [a]d (+)8.36° (c=0.61, MeOH). 
Anal. Calcd. for C27H35N3O2.*0.25 mol H2O: 

15 C, 71.42; H, 7.88; N, 9.25. 

Found: C, 71.47; H, 7.89; N, 9.12%. 




(+)-3-Cyclohexyl-N-[2,3-dihydro-l-methyl-2-oxo-5-phenyl- 
lH-l^-benzodiazepin^-vll-N-rtetr azolvlmethvnpropanamidft 

(+)-N-[2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4- 
benzodiazepin-3-yl]-N-(hydroxymethyl)hexanamide (0.67 g, 1.56 
mmol) was dissolved in methylene chloride(100 mL), along with 
tetrazole (0.33 g, 4.7 mmol), and then, N,N-diisopropyl-dibenzyl- 
phosphoramidite (1.07 g, 3.1 mmol). After 2 h, the mixture was 
diluted with methylene choride (150 mL), and extracted with saturated 
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aqueous sodium hydrogen carbonate (3 x 100 mL). The organic layers 
were combined, dried with magnesium sulfate, gravity filtered, and the 
solvent was removed in vacuo. The resulting oil was chromatographed 
twice over silica with 1:1 ethyl acetate:hexane, yielding two 
5 constitutional isomers, a (65 mg, 9%) and b (56 mg, 7.5%). 

Isomer A: 

m.p. 96-98°C, [cc]d +188.9° (c=0.19, MeOH). 
Anal. Calcd. for C27H31N7O2O.3O mol TFA: 
10 C, 63.78; H, 6.07; N, 18.86. 

Found: C, 63.7; H, 6.12; N, 18.76%. 
Isomer B: 

m.p. 92-95°C, [oc]d +81.3° (c=0.31, MeOH). 
Anal. Calcd. for C27H31N7O2O.35 mol TFA: 
15 C, 63.31; H, 6.01; N, 18.66. 

Found: C, 63.35; H, 6.02; N, 18.74%. 
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WHAT IS CLAIMED TS : 

1 . A method of treating cardiac arrhythmia in mammals 
comprising block of the slowly activating delayed rectifier potassium 

5 (K+) current (iKs) and the rapidly activating and deactivating delayed 
rectifier potassium current (iKr)- 

2. The method of Claim 1 wherein the slowly activating 
delayed rectifier potassium (K+) current (IKs) in isolated myocytes is 

io selectively blocked by a compound at a concentration of l^tM or less 
(IC50) and the concentration that blocks IKs by 50% is at least 10 fold 
lower than the concentration required to cause 50% block of iKr and/or 
IK1. 

15 3. The method of Claim 2 wherein the block prolongs 

the cardiac refractory period equally or to a greater extent as heart rate 
increases, 

4. The method of Claim 3 wherein the block is 
20 independent of heart frequency. 

5. The method of Claim 1 wherein the blockade is 
induced through the use of a 1 ,4-benzidiazepine or benzidiazepine 
derivative. 

25 

6. The method of Claim 5, wherein the benzodiazepine 
or benzodiazepine derivatives selectively block the slowly activating 
delayed rectifier potassium (K+) current (IKs). 

30 7. The method of Claim 6, wherein the 1,4- 

benzodiazepines or benzodiazepine derivatives are selected from the 
group consisting of those compounds which block the IKs current 
measured in isolated myocytes by 50% at a concentration of luM or less 
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and exhibit a selectivity ratio of greater than 10 over blockade of iKn 
IK1 andlCa- 

8. The benzodiazepine or benzodiazepine derivative of 
5 Claim 5, selected from the group consisting of 3(R)-(+)-l,3-dihydro-3- 

(2-indolecarbonylamino)-l -methyl-5-phenyl-2H-l ,4-benzodiazepin-2- 
one; (S)-(-)-l ,3-dihydro-3-(2-indolecarbonylamino)-l -methyl-5-phenyl- 
2H-1 ,4-benzodiazepin-2-one; N-(2,3-dihydro-l -methyl-2-oxo-5-phenyl- 
lH-l,4-benzodiazepin-3-yl)-N'-(3-methylphenyl)urea; (R)-N-(2,3- 

10 dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl)-N'-(3- 
methylphenyl)urea; N-[3(R,S)-5-cyclohexyl-2,3-dihydro-l-methyl-2- 
oxo-lH-l,4-benzodiazepin-3-yl]-N'-[3-(isopropylsul-fonylamino- 
carbonyl)phenyl]urea; N,N-dimethyl-4-(3(R,S)-(((3-methylphenyl) 
amino)-carbonyl)amino-l ,3-dihydro-l -(2-methylpropyl)-2-oxo-l ,4- 

15 benzodiazepin-5-yl)phenylmethylamine; (R)-3-amino-l,3-dihydro-l- 
methyl-5-phenyl-2H-l,4-benzodiazepin-2-one; N-(2,3-dihydro-l- 
, methyl-2-oxo-5-pheny 1- 1 H- 1 ,4-benzodiazepin-3 -yl)-N'-(m- 
methylphenyl)urea; (.+-.)-N-(2,3-dihydro-l -methyl-2-oxo-5-(4- 
pyridinyl)-lH-l,4-benzodiazepin-3-yl-lH-indole-2-carboxamide; N- 

20 (2,3-dihydro- 1 -methyl-2-oxo-5-phenyl-l H-l ,4-benzodiazepin-3-yl)-4- 

methylbenzenesulfonamide;.(R)-l-(2-(dimethylaminoethyl)-5-(2- 
fluorophenyl)-l,3-dihydro-3-((l-methyl-lH-indole-3-yl)methyl)-2H- 
benzodiazepin-2-one; N-(2,3-dihydro-l-methyl-2-oxo-5-(4- 

morpholino)-lH-l,4-benzodiazepin-3-yl)-N , -3-methylphenylurea. 

25 

9. A composition useful in the treatment of cardiac 
arrhythmia in mammals comprising a pharmaceutical compound and a 
suitable pharmaceutical carrier wherein the compound provides 
selective block of the slowly activating delayed rectifier potassium (K+) 

30 current (iKs). 

10. The composition of Claim 9, wherein the 
pharmaceutical compound is a 1,4-benzodiazepine or benzodiazepine 
derivative. 
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11. The composition of Claim 10, wherein the 1,4- 
benzodiazepine or benzodiazepine derivative is selected from the group 
consisting of 3(R)-(+)-l,3-dihydro-3-(2-indolecarbonylamino)-l- 

5 methyl-5-phenyl-2H-l,4-benzodiazepin-2-one; (S)-(-)-l ,3-dihydro-3-(2- 
mdolecarbonylarnino)-l -methyI-5-phenyl-2H-l ,4-benzodiazepin-2-one; 
N-(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl)- 
N'-(3-methylphenyl)urea; (R)-N-(2,3-dihydro-l -methyl-2-oxo-5- 
phenyl-lH-1 ,4-benzodiazepm-3-yl)-N^3-methylphenyl)urea^ N- 

io [3(R,S)-5-cycIohexyl-2,3-dihydro-l-methyl-2-oxo-lH-l,4- 
benzodiazepin-3-yl]-N'-[3-(isopropylsul-fonylaminocarbonyl)- 
phenyl]urea; N,N-dimethyl-4-(3(R,S)-(((3-methylphenyl)amino)- 
carbonyl)amino-l ,3-dihydro-l -(2-methylpropyl)-2-oxo-l ,4- 
benzodiazepin-5-yI)phenylmethylamine; (R)-3-amino-l ,3-dihydro-l- 

15 methyl-5-phenyl-2H-l,4-benzodiazepin-2-one; N-(2,3-dihydro-l- 
methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl)-N'-(m- 
methylphenyl)urea; (.+-.)-N-(2,3-dihydro-l -methyI-2-oxo-5-(4- 
pyridiny 1)- 1 H- 1 ,4-benzodiazepin-3-yl- 1 H-indole-2-carboxamide; N- 
(2,3-dihydro-l-methyl-2-oxo-5-phenyl-lH-l,4-benzodiazepin-3-yl)-4- 

20 methylbenzenesulfonamide;.(R)-l-(2-(dimethylaminoethyl)-5-(2- 
fluorophenyl)-l,3-dihydro-3-((l-methyl-lH-indole-3-yl)methyl)-2H- 
benzodiazepin-2-one; N-(2,3-dihydro-l-methyl-2-oxo-5-(4- 
morphoIino)-lH-l,4-benzodiazepin-3-yl)-N'-3-methylphenyIurea. 



30 

r 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US94/13364 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61K 31/55 
USCL :514/221,821 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/221,821 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS AND CAS ONLINE: compounds of the claims with arrhythmia, potassium current 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US, A, 4,820,834 (EVANS ET AL) 11 APRIL 1989, see 
entire document. 

EP, A, 0,434,360 (Bock et al) 26 JUNE 1991, see entire 
document. 

EP, A, 0,434,369 (Bock et a!) 26 JUNE 1991, see entire 
document. 



I Further documents are listed in the continuation of Box C. QjJ See 



Relevant to claim No. 



9-11 
9-11 
9-11 



patent family annex. 



• 


Special categoric* of cited documents: 




T 


•A' 


lo be of particular relevance 


rhich is not considered 




TT 


earlier document published oo or after the mte 


national filing date 


•X" 


•L' 


document which may throw doubts on priori* 
cited to eatabliah the publication date of mac 
apecial reason (as specified) 


Y cbumU) or which is 
rther citation or other 


■Y" 



later document published after the mtemational filing < 
date and not in conflict with the application hutched to 
principle or theory underlying the 



document of particular relevance; the claimed 
considered novel or cannot be considered to involve an 
when the document ■ taken alone 



be 

inventive Hep 



*°* ^""tt referring to an oral disclosure, use, exhibition or other 

V document published prior to the international filing date but later than 

the priority date 



document of particular relevance; the claimed a™.* 
considered to involve an inventive step when the . 
combined wilh one or more other «uch documents such 
being obvious to s penon skilled m the art 



invention cannot be 



family 



Date of the actual completion of the international search 
12 JANUARY 1995 



Date of mailing of the international search repoti 

07 FEB 1995 




Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 



Box PCT 

Washington, D.C. 20231 

Facsimile No. (703) 305-3230 

Form PCT/IS A/210 (second sheet)(Ju)y 1992)* 



Authorized officer 

KJMBERLY R. JORDAN 
Telephone No. (703) 305-1235 



